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A diagnostic assay for detecting a negative-strand RNA virus in a sample and a genetically engineered cell for use in the assay are 
disclosed. The cell expresses a heterologous DNA-dependent RNA polymerase that synthesizes a minigenome or miniantigenome of the 
RNA virus from a cDNA template present in the cell. The cell also expresses the nucleocapsid proteins of the negative-strand virus that 
are necessary for replication of the minigenome or miniantigenome. Infection of the cell by the negative-strand virus results in expression 
of a reporter gene product encoded by the miniantigenome. 
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DETECTION OF NEGATIVE- STRAND RNA VIRUSES 

Reference to Government Support 

This invention was made with U.S. Government support under Grant No. All 1377 
awarded by the National Institutes of Health. The U.S. Government has certain rights in the 
5 invention. 

Background of the Invention 

(1) Field of the Invention 

This invention generally relates to the field of virology and, more particularly, 
10 to a method for detecting a negative-strand RNA virus in a biological specimen and 
genetically engineered cells for use in the method. 

(2) Description of Related Art 

Numerous negative-strand RNA viruses are pathogenic to humans and other 
animals. Examples of human diseases caused by negative-strand viruses include 
15 mumps, measles, pneumonia, bronchitis, influenza, infectious croup, rabies, ebola 
hemorrhagic fever, marburg hemorrhagic fever, and LaCrosse encephalitis. Thus, 
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detection of negative-strand viruses in biological specimens is important clinically 
and for various research purposes. 

Although there is considerable diversity in the genomic structure and 
biological properties of negative-strand RNA viruses, the RNA replication and 
5 transcription strategies of these viruses have common features. As with all RNA 
viruses, negative-strand RNA viruses express an RNA-dependent RNA polymerase 
and other RNA replicase and transcriptase factors necessary to transcribe their mRNA 
and replicate their genomes (Olivo, P.D., Clin. Microb. Rev. 9:321-334, 1996). In the 
virion of a negative-strand virus, the RNA polymerase forms a complex with the 

1 0 nucleocapsid protein and the genomic RNA. Once the virion enters the cell and 

begins to uncoat, the virion RNA polymerase transcribes subgenomic mRNAs from 
the genomic RNA. The RNA polymerase also synthesizes full-length positive-strand 
replicative-intermediate RNA (antigenome), which is used as a template for making 
many copies of negative-stranded genomic RNA that then are used as templates for 

1 5 secondary transcription of additional viral mRNAs. 

The study of negative-strand viruses has been complicated by the fact that the 
RNA-dependent RNA polymerase uses as template only RNA associated with virus- 
specific nucleocapsid proteins; thus, naked genomic RNA transfected into a cell is not 
replicated (Bukreyev et al., J. Virol 70:6634-6641, 1996; Olivo, supra). Recently, 

20 however, a number of laboratories have described advances in the genetic 

manipulation of various negative-strand RNA viruses. For example, infectious rabies 
virus, Sendai virus, vesicular stomatitis virus, measles virus, and respiratory syncytial 
virus (RSV) have been reportedly recovered by using T7 RNA polymerase to generate 
a full-length antigenomic transcript from a cDNA of the genome in the cell cytoplasm 

25 together with the viral proteins necessary for assembly of a nucleocapsid and for RNA 
replication and transcription (Schnell et al., EMBOJ 13:4195-4203, 1994; Garcin et 
al., EMBO J 14:6087-6094, 1995; Lawson et al, Proc. Natl. Acad. Set USA 92:4477- 
4481, 1995; Radecke et al, EMBO J 14:5773-5784, 1995; Whelan et al., Proc. Natl 
Acad. Sci. USA 92:8388-8392, 1995; Collins et al., Proc. Natl Acad. Set USA 

30 92:11563-11567, 1995). In these reports, the T7 RNA polymerase was provided to 
the cell cytoplasm by infection with a recombinant vaccinia virus containing the gene 
for T7 RNA polymerase. 
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Other studies investigating viral protein function in replication and 
transcription of negative-strand RNA viruses have employed "minigenomes", in 
which some or all of the viral protein-coding sequences are replaced with a reporter 
gene flanked by as-acting elements necessary for replication and transcription. See, 

5 e.g., Grosfeld et al., J. of Virol 69:5677-5686, 1995; Conzelmann et al, J. Virol 
68:713-719, 1994; De et al., Virol 196:344-348, 1993; Dimock et al., 1 Virol 
67:27722-2778, 1993. In this approach, a cDNA is constructed in which the 
minigenome is operably linked to a promoter for a bacteriophage RNA polymerase, 
and the minigenome cDNA is transfected into cells and transcribed by the 

1 0 bacteriophage RNA polymerase in the presence of various viral proteins supplied by 
cotransfected plasmids, whose expression is also driven by the bacteriophage RNA 
polymerase, which is supplied by infection with a recombinant vaccinia virus. 
Induction of reporter gene expression indicates the transfected cell is expressing all 
the viral proteins needed to replicate and transcribe the minigenome. 

15 Using this approach to study replication and transcription in RSV, the major 

nucleocapsid protein (N), the nucleocapsid-associated phosphoprotein (P), and the 
polymerase L protein were identified as sufficient to replicate the minigenome 
(Grosfeld et al., supra\ Yu et al., J. Virol. 69:2412-2419, 1995). Coexpression of the 
N, P, and L proteins with a minigenome containing the cat reporter gene also resulted 

20 in synthesis of full-size and incomplete CAT mRNA species and abundant expression 
of CAT (Grosfeld et al., supra). In contrast, efficient synthesis of full-length mRNA 
was observed when cells containing the minigenome cDNA and the N, P and L 
expression plasmids were coinfected with the T7-expressing vaccinia virus and RSV, 
i.e., the minigenome RNA and the N, P and L proteins were synthesized by T7 RNA 

25 . polymerase in the presence of infectious RSV (Grosfeld et al., supra). A later study 
demonstrated that expression of an additional RSV protein, the transcription 
elongation factor M2-1, was required for fully processive sequential transcription in 
this T7-expression plasmid complementation system (Collins et al., Proc. Natl. Acad. 
Sci. USA 93:81-85,1996). 

30 In U.S. Patent No. 5,591 ,579, a genetically engineered cell line and method for 

detecting positive-strand RNA viruses was described. The cell line is stably 
transformed with a cDNA copy of a structurally defective RNA virus genome which 
contains (1) the czs-acting sequences of the RNA virus genome which are necessary 
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for replication and transcription by trans-acting enzymes from the RNA virus and (2) 
a reporter gene. The cDNA is constitutively transcribed into a (+) strand RNA 
molecule from a RNA polymerase II promoter in the nucleus of the host cell, but little 
or no expression of the reporter gene occurs until the cell is infected by a positive- 

5 strand RNA virus that recognizes the as-acting sequences and causes significant 
replication of the (+) strand RNA molecule through a (-) strand RNA intermediate. 

Recently, a review article on the use of transgenic cell lines for detecting 
animal viruses speculated that a similar strategy could be used to make a cell line for 
detecting negative-strand RNA viruses (Olivo et aL, supra). The article stated 

10 generally that such a cell line would constitutively express the viral nucleocapsid 
protein and a chimeric antigenomic RNA molecule which contains a reporter gene 
open reading frame (ORF) and the c/s-acting sequences necessary for replication and 
transcription by the replicase and transcriptase of the same negative-strand RNA 
virus. This chimeric RNA molecule would be designed, in an unspecified maimer, to 

1 5 preclude translation of the reporter gene in uninfected cells. Replication and 

transcription of the chimeric RNA molecule and synthesis of translatable reporter 
gene mRNA would be carried out by the replicase-transcriptase complex brought into 
this hypothetical cell by infection with the negative-strand RNA virus. However, this 
article did not teach how the nucleocapsid protein and chimeric RNA molecule would 

20 be constitutively expressed or how to design the chimeric RNA molecule to preclude 
translation of the reporter gene in the absence of infectious virus. It would be 
desirable, therefore, to provide a rapid, specific, sensitive and cost-efficient assay for 
the detection of infectious negative-stranded RNA viruses. 



25 Summary of the Invention 

Briefly, therefore, the present invention is directed to novel compositions and 
methods which permit the detection of a negative-strand RNA virus in a specimen. In 
one embodiment, the invention provides a genetically engineered cell which expresses 
a reporter gene product only in the presence of infectious virions of the negative- 

30 strand RNA virus. The genetically engineered cell comprises a polynucleotide 

encoding a DNA-dependent RNA polymerase and a cDNA comprising a minigenome 
and a miniantigenome of the negative-strand RNA virus operably linked to a promoter 
for the DNA-dependent RNA polymerase. The miniantigenome comprises a 
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nucleotide sequence encoding a reporter gene product whose expression is dependent 
upon the presence of the negative-strand RNA virus. 

Expression of the DNA-dependent RNA polymerase in the cell results in 
transcription of the cDNA into a minigenome RNA or an miniantigenome RNA, 
5 depending on the orientation of the promoter with respect to the open reading frame 
(ORF) of the reporter gene. When the promoter is located downstream of the ORF, a 
minigenome RNA is synthesized which contains an untranslatable negative-sense 
copy of the reporter gene ORF and when the promoter is located upstream of the 
ORF, a miniantigenome RNA is synthesized. Although this miniantigenome contains 

1 0 a positive-sense copy of the reporter gene ORF, its translation is very inefficient 
because the miniantigenome is not a capped, polyadenylated mRNA. Thus, 
detectable expression of the reporter gene in the absence of infectious virus does not 
occur. The cell also comprises one or more nucleotide sequences encoding each of 
the nucleocapsid proteins of the negative-strand RNA virus which are necessary and 

1 5 sufficient for replication of the minigenome RNA or miniantigenome RNA 

synthesized by the DNA-dependent RNA polymerase. Minigenome RNA synthesized 
in the presence of these nucleocapsid proteins, which includes minigenome RNA 
made as an intermediate during replication of the miniantigenome, is stabilized and 
amplified without detectable expression of the reporter gene product. Infection of the 

20 cell with the negative-strand virus introduces all the viral gene products necessary for 
transcription of the preformed minigenome RNA to produce translatable mRNA 
molecules encoding the reporter gene product. 

In another embodiment, the invention provides a method for detecting a 
negative-strand RNA virus in a sample which comprises culturing the above- 

25 described genetically engineered cell for a time sufficient to synthesize the 

minigenome or miniantigenome RNA and the nucleocapsid proteins, then incubating 
the cells with the sample and detecting expression of the reporter gene product. In 
some embodiments, the method includes quantifying the number of infectious 
particles of the RNA virus that are present in the sample. 

30 In other embodiments the genetically engineered cell is used to screen 

compounds for anti- viral activity and for measuring antibody responses of individuals 
infected with or vaccinated against the RNA virus. 
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In yet another embodiment, the invention provides a kit for detecting the 
. presence of a negative-strand RNA virus in a sample which comprises a supply of the 
above-described genetically engineered cells. In a preferred embodiment, the kit also 
includes a set of reagents for detecting expression of the reporter gene product. 
5 The invention also provides a method for making a genetically-engineered cell 

capable of detecting a negative-strand RNA virus. The method comprises (1) 
providing a cell that is susceptible to infection by the negative-strand RNA virus; (2) 
introducing into the cell a polynucleotide encoding a DNA-dependent RNA 
polymerase and selecting for cells containing the polynucleotide; (3) introducing into 

10 the selected cells a cDNA comprising a minigenome and an miniantigenome of the 
negative-strand RNA virus operably linked to a promoter for the DNA-dependent 
RNA polymerase, wherein the miniantigenome comprises a nucleotide sequence 
encoding a reporter gene product, and wherein expression of the reporter gene product 
is dependent upon the presence of the negative-strand RNA virus; and (3) introducing 

15 into the cells one or more nucleotide sequences encoding each of the nucleocapsid 
proteins of the negative-strand RNA virus which are necessary and sufficient for 
replication of minigenome RNA or miniantigenome RNA synthesized by the DNA- 
dependent RNA polymerase. 

Among the several advantages of the present invention may be noted the 

20 provision of a genetically engineered cell which expresses a reporter gene product 

only after infection by a particular negative-strand RNA virus; the provision of a rapid 
and sensitive assay for specifically detecting the negative-strand RNA virus; the 
provision of such an assay that is capable of quantitating the amount of the negative- 
strand RNA virus in a sample that can be useful for assessing compounds for antiviral 

25 activity and for measuring antibody responses in infected or vaccinated individuals; 
and the provision of a kit for detecting and/or quantitating the negative-strand RNA 
virus. 

Brief Description of the Drawings 
30 Figure 1 A is a schematic representation of SR19/pac cDNA, showing an SP6 

promoter operably linked to a DNA copy of a noncytopathic Sindbis virus replicon in which 
the gene for puromycin acetyltransferase (PAC) is operably linked to the Sindbis subgenomic 
promoter; 
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Figure IB is a schematic representation of SR19/T7pol/pac cDNA, which is identical 
to the cDNA of Figure 1A except that the noncytopathic Sindbis virus replicon contains a the 
T7 RNA polymerase operably linked to a second Sindbis subgenomic promoter; 

Figure 2 is a bar graph of P-galactosidase activity in baby hamster kidney 
5 (BHK) cells transformed with a noncytopathic Sindbis virus replicon expressing T7 
RNA polymerase (SR19/T7/pac) or the parent replicon (SR19/pac) and transfected 
with a T7 expression plasmid expressing the E. coli lacZ gene under the control of the 
T7 promoter (pTMl-LacZ) or the parent T7 expression plasmid (pTMl); 

Figure 3 A is a bar graph of P-galactosidase activity in mock-infected or RSV- 
1 0 infected SRI 9/T7/pac-BHK or SRI 9/pac-BHK cells transfected with a cDNA of a 
/flcZ-containing RSV minigenome (pMP210LacZ) alone or with T7 expression 
plasmids expressing the RSV nucleocapsid proteins N, L and P (+ NLP); 

Figure 3B is a bar graph of p-galactosidase activity in mock-infected or RSV- 
infected SR19/T7/pac-BHK or SRI 9/pac-BHK cells transfected with pMP210LacZ 
1 5 alone or with various combinations of the T7 expression plasmids for N, L and P as 
indicated by the + and - symbols below the graph; 

Figure 4A is a graph of P-galactosidase activity in SR19/T7/pac-BHK cells 
cotransfected with pMP210LacZ and the nucleocapsid expression plasmids and 
infected with the indicated amounts of RSV; 
20 Figure 4B is a graph of p-galactosidase activity in the cells from Figure 4A at 

the indicated times following RSV infection at a high multiplicity of infection 
(HMIO) or at a low multiplicity of infection (LMOI); 

Figure 5 illustrates the effect of ribivarin on the induction of reporter gene 
activity in RSV-infected SR19/T7/pac-BHK cells cotransfected with pMP210LacZ 
25 and the nucleocapsid expression plasmids showing in FIG. 5 A a bar graph of P- 
galactosidase activity at high concentrations of ribivarin and in FIG, 5B a dose- 
response curve of P-galactosidase activity at subinhibitory concentrations or ribivarin 
expressed as a percentage of the control; 

Figure 6 is a graph of p-galactosidase activity in SR19/T7/pac-BHK cells 
30 cotransfected with pMP21 OLacZ and the nucleocapsid expression plasmids after 
infection with RSV which had been preincubated with the indicated dilutions of 
pooled human immune globulin; and 
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Figure 7 is a schematic representation of the recombinant constructs and molecular 
pathways involved in generating a reporter gene product in accordance with one embodiment 
of the invention. 



5 Description of Preferred Embodiments 

In accordance with the present invention, a method for detecting negative- 
strand RNA viruses and genetically engineered cells for use in the method are 
provided. The invention is based on the inventors 1 discoveries (1) that minigenome 
RNA of a negative-strand virus expressed by a genetically engineered cell in the 
10 presence of certain viral nucleocapsid proteins is accessible for transcription of 
translatable reporter gene mRNA when the cell is subsequently infected with the 
negative-strand virus and (2) that expression of the product of the reporter gene is not 
detectably expressed in the absence of the negative-strand virus. 

In the context of this disclosure, the following terms shall be defined as 
1 5 follows unless otherwise indicated: 

"cis-acting sequences" means the nucleotide sequences from an RNA virus 
genome that are necessary for the recognition of the genomic RNA by specific 
protein(s) of the RNA virus that carry out replication and/or transcription of the 
genome; 

20 "heterologous DNA-dependent RNA polymerase" means a DNA-dependent 

RNA polymerase not naturally encoded in a vertebrate cell; 

"infectious" when used to describe a virus or an RNA molecule, means a virus 
or RNA molecule that is self-replicating and provides for transcription of viral 
mRNAs in a host cell; 
25 "miniantigenome" means an RNA molecule or a DNA molecule that is 

complementary to a minigenome; 

"minigenome" means a DNA or RNA analog of the genome of a negative- 
strand RNA virus which contains the cis-acting sequences necessary for replication 
and transcription in cells infected with the negative-strand RNA virus and which 
30 contains a negative-sense open reading frame of a reporter gene in place of one or 
more of the viral protein-coding sequences; 

"negative-strand RNA virus" means a virus whose genome consists of one 
negative-sense RNA molecule (nonsegmented genome) or a plurality of RNA 
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molecules of negative sense (segmented genome) and which replicates its genome 
through a positive-sense RNA intermediate(s); 

"replicon" means a replication-competent viral RNA that contains the genetic 
information needed for virus replication but not for virus assembly; 
5 !, transfected cell" or "transformed cell" means a cell containing an 

exogenously introduced nucleic acid molecule which may be present in the nucleus or 
the cytoplasm of the cell; 

"stably transformed cell" means a cell containing an exogenously introduced 
nucleic acid molecule which is present in the nucleus of the cell and may be stably 

1 0 integrated into the chromosomal DNA of the cell. 

A genetically engineered cell according to the present invention is a vertebrate 
cell that is susceptible to infection by the negative-strand RNA virus to be detected 
and that is capable of expressing a heterologous DNA-dependent RNA polymerase 
which synthesizes a minigenome RNA or miniantigenome RNA of a negative-strand 

1 5 virus from a promoter recognized by the DNA-dependent RNA polymerase. The cell 
is also capable of expressing the nucleocapsid proteins of the negative-strand virus 
that are necessary for replication of the minigenome RNA or miniantigenome RNA. 

A cell is susceptible to infection if the infecting virus can enter the cell and 
proceed far enough in its replication cycle to express proteins necessary for efficient 

20 synthesis of translatable reporter gene mRNA from preformed minigenome RNA. It 
will be understood by those skilled in the art that cell lines susceptible to infection by 
a particular negative-strand RNA virus can be readily identified by searching the 
literature for known susceptible cell lines and/or by screening candidate cell lines 
using well-known procedures requiring only routine experimentation. Susceptible 

25 cells for negative-strand RNA viruses include, but are not limited to baby hamster 

kidney cells, African green monkey cells, rabbit skin fibroblasts, 3T3 mouse cells and 
the like. Baby hamster kidney cells are preferred for use as the host cell for detecting 
negative-strand viruses that infect mammals, including humans. 

The heterologous DNA-dependent RNA polymerase expressed by the cell comprises 

30 a naturally-occurring amino acid sequence or a functional equivalent thereof. A functional 
equivalent of a DNA-dependent RNA polymerase contains one or more amino acid 
substitutions, additions or deletions in the naturally-occurring amino acid sequence that do not 
prevent the modified polymerase from synthesizing full-length transcripts from a DNA 
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template. Typically, the heterologous DNA-dependent RNA polymerase comprises the amino 
acid sequence of an RNA polymerase made by a bacteriophage such as T7, T3 or SP6. A 
preferred DNA-dependent RNA polymerase for use in the present invention is T7 RNA 
polymerase. 

5 In one embodiment, the heterologous DNA-dependent RNA polymerase is 

encoded by a polynucleotide integrated into the cell nucleus and comprises a 
polymerase II promoter recognized by the host cell transcription machinery operably 
linked to a nucleotide sequence encoding the heterologous DNA-dependent RNA 
polymerase. In a preferred embodiment, the polynucleotide encoding the 

10 heterologous DNA-dependent RNA polymerase is an RNA molecule that comprises a 
noncytopathic positive-strand virus replicon. Use of a noncytopathic replicon allows 
for long-term, continuous expression of the DNA-dependent RNA polymerase 
without killing the host cell Modification of replicons to make them noncytopathic is 
known in the art and can be accomplished, i.e., by isolating variants having adaptive 

15 mutations in the viral replication machinery that allows persistent noncytopathic 
replication in vertebrate cells or by using a dominant selectable marker (see e.g., 
Frolov et al., Proc. Natl Acad, Sci. USA 93: 1 1371-1 1377, 1996 and referenced cited 
therein). Preferred viruses for preparation of noncytopathic replicons include 
flaviviruses, e.g., Kunjin virus, alphaviruses such as Sindbis virus, Semliki forest 

20 virus, nodaviruses such as flock house virus, astroviruses and coronaviruses. The 
noncytopathic replicon can be transcribed from a cDNA of the replicon that is 
operably linked to a polymerase II promoter and integrated into the nucleus. 
Alternatively, the replicon can be prepared chemically or by in vitro transcription 
from a plasmid and then transfected into the cell cytoplasm. 

25 The heterologous DNA-dependent RNA polymerase specifically recognizes a 

promoter in a cDNA comprising a minigenome and a miniantigenome of the negative- 
strand RNA virus to be detected. Typically, the nucleotide sequence of the promoter 
is identical to a promoter sequence found in the same organism that encodes the 
DNA-dependent RNA polymerase. However, the promoter may contain one or more 

30 nucleotide substitutions in the naturally-occurring sequence, as long as such 

substitutions do not affect specificity of recognition by the DNA-dependent RNA 
polymerase. The promoter is operably linked to either the DNA sequence encoding 
the minigenome or to the DNA sequence encoding the miniantigenome to direct the 
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synthesis of either minigenome RNA or miniantigenome RNA, respectively. 
Preferably, the promoter directs the synthesis of minigenome RNA. 

The minigenome encoded by the cDNA comprises the cis-acting 3 '-leader and 
5 '-trailer sequences from the viral genome that are necessary for its replication and 
5 transcription by the viral-encoded RNA-dependent RNA polymerase. For the 
detection of RNA viruses having segmented genomes, it is believed that cis-acting 
sequences from any of the segments will make a functional minigenome. These cis- 
acting sequences flank a negative-sense copy of a reporter gene ORF, which is 
operably linked to gene-start (GS) and gene-end/polyadenylation (GE) transcription 

10 signals that are recognized by the RNA-dependent RNA polymerase. The leader, 
trailer, GS and GE sequences for any particular negative-strand RNA virus can be 
found in the scientific literature or can be identified by the skilled artisan using well- 
known and routine techniques. See, e.g., Weng et al., Genome Res. 5:202-207, 1995; 
Garcia-Sastre et al., Annu. Rev. Microbiol. 47:765-790, 1993 and references cited 

15 therein. In addition, it is intended that the minigenome can contain modifications in 
the naturally-occurring leader, trailer, GS and GE sequences that do not destroy 
replication or transcription of the minigenome or production of reporter gene mRNA 
in the presence of the negative-strand virus. 

Any reporter gene that encodes a detectable product is suitable for use in the 

20 present invention. The reporter gene product is preferably one that can easily be 

assayed for or detected in a cell. One enzyme that has proved to be particularly useful 
as a reporter gene product is p-galactosidase. Preferably, a bacterial P-galactosidase 
is used, and most preferably the P-galactosidase from £. coli that is encoded by the 
LacZ gene. B-galactosidase is preferred because of its well-characterized nature and 

25 the existence of a variety of methods to detect its presence. Other reporter gene 

products useful in this invention generally include hydrolases or oxidoreductases and, 
in particular, such enzymes as B-glucosidase, B-glucuronidase, fl-hexosaminidase, 
luciferase, phospholipase, phosphatase, etc. Green fluorescent protein (GFP) is 
another reporter gene product useful in the invention. 

30 An ORF encoding J3-galactosidase or luciferase is particularly preferred for 

use in this invention because of the numerous methods known to detect expression of 
these enzymes and the relative sensitivity of such methods. Among these methods 
include histochemical assays involving a chromogenic or fluorogenic substrate which 
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permits detection of B-galactosidase activity by a change in the color of the cell that 
can be detected macroscopically or microscopically. The use of luciferase provides 
an enzymatic assay that is more sensitive than the colorimetric or fluorometric p- 
galactosidase assay. Expression of luciferase may be detected by known 
5 luminometric methods using luciferin as the enzyme substrate. 

The minigenome or miniantigenome synthesized by the DNA-dependent RNA 
polymerase should have replication competent termini. These can be generated by 
appropriate construction of the minigenome-encoding cDNA using methods known in 
the art. For example, the cDNA can include at least one transcription terminator 

10 recognized by the DNA-dependent RNA polymerase in operable linkage with the 
minigenome or the miniantigenome. More preferably, the cDNA also comprises a 
self-cleaving ribozyme located between the transcription terminator and the 3'- 
terminus of the minigenome or miniantigenome. The position of the ribozyme is such 
that a transcript of the cDNA synthesized by the DNA-dependent RNA polymerase is 

1 5 cleaved by the ribozyme to produce a minigenome RNA or miniantigenome RNA 
having a replication competent 3 '-terminus. Similarly, the cDNA can also contain a 
self-cleaving ribozyme positioned between the promoter for the DNA-dependent 
RNA polymerase and the trailer or leader sequence of the minigenome or 
miniantigenome, respectively, such that the 5 '-terminus is replication competent. A 

20 number of self-cleaving ribozymes suitable for use in the invention are known in the 
art. See, e.g., Grosfeld et al, supra; Long et al., FASEB J. 7:25-30, 1993; Perrotta et 
al., Nature 350:434-436, 1991. 

The genetically engineered cell also comprises one or more nucleotide 
sequences encoding the nucleocapsid proteins that are necessary and sufficient for 

25 replication of the minigenome RNA or miniantigenome RNA transcribed from the 
cDNA. As used herein, "necessary and sufficient for replication" is intended to mean 
that minigenome RNA or miniantigenome RNA synthesized from the cDNA in the 
presence of these nucleocapsid proteins is replicated in the absence of the negative- 
strand virus to be detected while detectable expression of the reporter gene product 

30 does not occur until the cell is infected with the negative-strand virus. As used herein, 
the terms "detectable expression of the reporter gene product" and "dependent upon 
the presence of the negative-strand virus" mean that the reporter gene product is 
practically detectable above background levels in the particular diagnostic assay being 
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used, with background levels referring to measurements taken when the assay is 
performed in the absence of infectious virus or with genetically-engineered cells that 
lack the reporter gene. 

As demonstrated below, the nucleocapsid proteins necessary and sufficient for 
5 replication of an RSV minigenome are the N, P and L proteins. Functional 

counterparts of these proteins in other negative-strand viruses can be identified from 
the scientific literature and by using methods known in the art. The combination of 
nucleocapsid proteins that are necessary and sufficient to replicate the minigenome of 
any particular negative-strand virus can be determined as described below in Example 

10 3. In brief, T7-expression plasmids are constructed that express each of the 

nucleocapsid proteins and various combinations of these plasmids are introduced into 
a vertebrate cell expressing T7 RNA polymerase and containing a minigenome- 
encoding cDNA. The resulting genetically-engineered cell is incubated for a time 
sufficient for minigenome replication to proceed and then the cell is mock-infected or 

15 infected with the negative-strand virus and expression of the reporter gene product is 
measured. A combination of nucleocapsid proteins suitable for use in the present 
invention is one whose pre-infection expression results in cells that lack detectable 
reporter gene product in the absence of virus but that show efficient expression of the 
reporter gene product in the presence of the virus. It is intended that any or all of 

20 these nucleocapsid proteins may contain amino acid substitutions or deletions in the 
naturally-occurring sequence as long as the modified protein(s) functions in an 
equivalent manner as the native protein. 

The nucleotide sequences encoding the desired nucleocapsid proteins can be 
provided by separate polynucleotides cotransfected into the cell or can be provided by 

25 a single polynucleotide in which separate transcription units encode the desired 
nucleocapsid proteins. Expression of mRNAs for the nucleocapsid proteins can be 
directed by promoters and transcription termination signals recognized by the 
heterologous DNA-dependent RNA polymerase expressed in the host cell cytoplasm 
or by polymerase II in the host cell nucleus. In embodiments in which a 

30 noncytopathic replicon expresses the DNA-dependent RNA polymerase, the replicon 
can also contain the nucleotide sequences encoding the nucleocapsid proteins 
arranged such that the replicon expresses mRNAs for each of the nucleocapsid 
proteins from a different subgenomic promoter. In a preferred embodiment, the 
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heterologous DNA-dependent RNA polymerase is T7, T3, or SP6 RNA polymerase 
and the nucleotide sequences for the desired nucleocapsid proteins are operably linked 
to the corresponding T7, T3, or SP6 promoter. 

In accordance with the method provided by the invention, the above-described 
5 genetically-engineered cells can be used to test a sample for the presence of a 
negative-strand virus. The sample can be any material which can be placed into a 
fluid or fluid environment and includes biological fluids such as blood, semen, 
nasopharyngeal swabs, cerebrospinal fluids and the like. 

To carry out the method, the genetically engineered cells are first cultured for 

10 a period of time sufficient for synthesis of the minigenome or miniantigenome RNA 
and for expression of the nucleocapsid proteins. It is believed this culture step 
provides the minigenome RNA in an encapsidated form that is accessible for efficient 
expression of the reporter gene product by the replicase/transcriptase machinery of the 
incoming virus. Typically, this first culture period will be between 1 6 and 24 hours, 

15 but shorter or longer culture times may also produce functional, encapsidated 
minigenome RNA and the culture time suitable for a particular assay can be 
determined empirically. 

The pre-cultured cells are then incubated with the sample in a suitable culture 
medium for a period of time sufficient for the infectious cycle of the target RNA virus 

20 to proceed. If the target virus is in the specimen, it will produce the factor(s) 

necessary for detectable expression of the reporter gene product. Typically, this 
incubation period is between 24 and 48 hours, although the optimal length for any 
particular negative-strand RNA virus should be determined empirically. Expression 
of the reporter gene product can be detected in the cells, in the culture medium, or in 

25 cell extracts. 

The invention also provides a kit for detecting a negative-strand RNA virus. 
The kit is prepared by placing in a container a supply of the above-described 
genetically-engineered cells sufficient to conduct an assay or a number of assays in 
accordance with the invention. Preferably, the kit is also provided with reagents 
30 necessary for detecting the reporter gene product, placed in separate containers. An 
instruction manual can also be included in the kit. 
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The method and cells of this invention are useful for the detection of negative- 
strand RNA viruses belonging to the following families: Rhabdoviridae, Filoviridae, 
Paramyxoviridae, Orthomyxoviridae, Bunyaviridae, and Arenaviridae. 

The following examples of the present invention are offered by way of illustration 
5 and are not to be considered in a limiting sense. 



Example 1 

This example illustrates that T7 RNA polymerase expressed by a Sindbis virus 
replicon in baby hamster kidney (BHK) cells is functional. 

10 As discussed above, studies of replication and transcription in negative-strand viruses 

have primarily used a vaccinia virus/T7 RNA polymerase system to supply intracellular T7 
RNA polymerase for transcription of a desired gene under the control of the T7 promoter. 
However, an RNA detection method requiring coinfection with vaccinia virus would not be 
practicable for clinical diagnostic purposes. Thus, the inventors herein wished to develop a 

1 5 system that would permit the use of stably transformed cells, which would be easier to handle 
and allow more widespread use. 

Recently, noncytopathic Sindbis virus replicons have been developed which contain 
the gene for puromycin resistance (pac) under control of the Sindbis subgenomic RNA 
promoter (SR19/pac) (Frolov et al., Proc. Natl Acad. Sci. USA 93:1 1371-1 1377, 1996). 

20 Transfection of BHK cells with RNA transcribed in vitro from a cDNA of an SR19/pac 
replicon (Fig. 1 A) produces a population of puromycin-resistant cells due to constitutive 
replication and transcription of the noncytopathic replicon and consequent expression of 
puromycin acetyl transferase. Modification of SR19/pac replicons to express an additional 
foreign gene operably linked to a second subgenomic RNA promoter has been achieved 

25 (Lindenbach et al, J. Virol. 71:9608-9617, 1997). For example, cells that carry a replicon 
expressing T7 RNA polymerase (SR19/T7Pol/pac) can transcribe a gene under the control of 
the T7 promoter following transfection of that gene (Agapov, E., et al., Proc. Natl. Acad. Sci. 
USA 95:12989-12994, 1998). 

To determine if the SR19/T7pol/pac system could be used to express functional T7 

30 RNA polymerase in BHK cells, replicon RNAs were transcribed in vitro from SR19/pac and 
SR19/T7Pol/pac cDNA plasmids (Figs. 1 A, IB) (gift of Eugene Agapov and Charles Rice, 
Washington University School of Medicine, St. Louis, MO) using SP6 RNA polymerase. 
The replicon RNAs were electroporated into BHK-21 cells (ATCC) and replicon-containing 
cell populations were selected for puromycin resistance as described by Lindenbach et al., 

35 supra. The SR19/pac- and SR19/T7Pol/pac- transformed cells were then transfected with the 
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T7 expression vector pTMl (a generous gift of Bernard Moss, NIAID, Bethesda, MD) or with 
pTMl-LacZ, which was generated by cloning the E. coli lacZ gene into the NcoI-BamHl 
window of the pTM-1 plasmid, thus placing the lacZ gene under control of the T7 promoter. 
The four groups of recombinant cells were maintained in puromycin-containing medium for 
5 24 hours and then p-galactosidase activity in lysates prepared from these cells was determined 
as follows. 

p-galactosidase activity was measured using the substrate chlorophenolred-(3-D- 
galactopyranoside (CPRG, Boehringer Mannheim, Indianapolis, IN) (final concentration 5 
mM) in a 0.2 M potassium phosphate buffer, pH 7.8, with 1 mM MgCl2- Lysates were made 

10 in this buffer containing 1% Triton X-100 and 1 mM dithiothreitol. Fifty ^liters of lysate 
were mixed with 50 jil of substrate in a microtiter plate well. After incubation for 30 to 120 
min at room temperature, the optical density at a wavelength of 562 nM (OD562) was 
measured with a THERMOmax microplate reader using SOFTmax software (Molecular 
Devices, Sunnyvale, CA). The assay was shown to be linear up to an OD562 of 3.0. 

1 5 The amount of (3-galactosidase activity in the four different groups of cells is shown 

in Fig. 2 (amounts shown are the mean of duplicate samples). High levels of p-galactosidase 
activity were detected in cells containing both the SR19/T7Pol/pac replicon and the pTMl- 
LacZ plasmid, but not in control cells that lacked the T7 RNA polymerase or the lacZ gene 
(Figure 2). Thus, functional T7 RNA polymerase is expressed in BHK cells transfected with 

20 SR19/T7pol/pacRNA. 



Example 2 

This example illustrates that. SRI 9/T7Pol/pac-transformed BHK cells are susceptible 
25 to infection by the negative-strand virus RSV and that such RSV-infected cells support 
replication and transcription of an RSV minigenome. 

SR19/T7Pol/pac BHK cells were mock-infected or infected with 10 plaque-forming 
units (pfu)/cell of RSV (strain A2), which was propogated and titered on HEp-2 cells as 
described previously (Grosfeld et al., supra). Forty-five minutes later, the cells were 
30 transfected over a 3-h period with 0.5-1 .5 \ig of in vzYro-synthesized RSV-CAT minigenome 
RNA, which contains the bacterial cat gene in place of all of the viral protein open reading 
frames (Collins et al, Proc. Natl Acad. Sci. USA 88:9663-9667, 1991). The minigenome 
RNA was a run-off transcript of 935 nt produced by T7 RNA polymerase of //gal-linearized 
RSV-CAT cDNA (Collins et al., 1991). Only RSV-infected cells exhibited reporter gene 
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expression (data not shown), indicating that SR19/T7Pol/pac BHK cells are permissive for 
RSV infection as well as RSV minigenome replication and expression. 

The inventors next asked whether minigenome RNA transcribed in vivo in 
SR19/T7Pol/pac BHK cells was functional. SR19/T7Pol/pac BHK cells were mock-infected 
5 or infected with RSV (strain A2) at 10 plaque-forming units (pfu) per cell and 45 min. later 
were transfected with pC2CAT, a derivative of RSV-CAT cDNA which, inter alia, contains a 
hammerhead-type ribozyme sequence and T7 transcription terminator at the 3' end of the 
encoded transcript (Grosfeld et al., 1995, supra). Ribozyme self-cleavage of the T7- 
synthesized transcript of pC2CAT leaves a single non-RSV-specific 3'-phosphorylated U 

1 0 residue on the 3 ' terminus (Grosfeld et al, 1 995, supra). Under these conditions, RSV- 
infected cells exhibited a marked increase in CAT activity as compared to CAT activity in 
mock-infected cells (data not shown). 

The results of these experiments indicate that RSV-infected SR19/T7Pol/pac cells can 
produce a functional RSV minigenome from minigenome RNA or minigenome cDNA that is 

1 5 subsequently transfected into the cell. 

Example 3 

This example illustrates that preformed minigenome RNA requires RSV nucleocapsid 
proteins for activity after RSV infection. 

20 The assay initially envisioned by the inventors for detecting RSV in cell culture 

involved constitutive expression of an RSV minigenome RNA that would be replicated and 
transcribed after subsequent infection with RSV. To test the feasibility of this protocol, the 
following experiment was performed. 

SRI 9/T7Pol/pac cells were transfected with pMP2 10, a cDNA of an RSV 

25 minigenome containing a negative-sense copy of the gene for green fluorescent protein 

(GFP), and 6-24 h later the cells were infected with 10 pfu of RSV. pMP210 was made from 
pC2Luc cDNA, which contains the luciferase gene substituted for the CAT gene in the 
above-described pC2CAT construct (Collins et al., Proc. Natl Acad. Sci. USA 93:81-85, 
1996). A PCR product containing the Green Lantern Protein gene (Life 

30 Technologies,Gaithesburg, MD) flanked by gene start (GS) and gene end (GE) signals was 
inserted into the BstXI site in the leader of pC2Luc, and the luciferase gene was deleted. In 
addition, a 5' hammerhead ribozyme preceded by a unique Avrll site (Altschuler et al., Gene 
122:85-90, 1992) was inserted just before the trailer sequence. The pC2 3 1 hammerhead 
ribozyme was replaced with a PCR product containing the antigenomic hepatitis delta virus 

35 ribozyme (Perrotta et al., Nature 350:434-436, 1991) followed by a unique Xhol site. 
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Under these conditions, no RSV-dependent GFP expression was observed. These 
negative results suggest that minigenome RNA has a very short half-life in uninfected BHK 
cells or is in some manner not accessible to or recognized by the incoming RSV replicase 
and/or transcriptase. Thus, a viable assay for detecting RSV infection using an RSV 
5 minigenome requires a strategy for stabilizing the minigenome RNA and/or making it 
replication competent. 

It has been shown that RSV N, P, and L proteins are necessary and sufficient for 
replication of RSV minigenomes and that expression of the N, P, and L proteins leads to 
transcription of RSV mRNA, although not necessarily full-length mRNA (Grosfeld et al., 

10 supra; Yu et al., supra. In addition, expression of only the N and P proteins leads to 

encapsidation of RNA minigenomes and this is increased 10 to 50-fold by the addition of the 
L protein (Atreya et al, J. Virol. 72:1452-1461, 1998). Based on these results, the inventors 
investigated whether a minigenome expressed in the presence of the N, P, and L proteins 
would be accessible to transcription of reporter gene mRNA when the cells were subsequently 

15 infected with RSV. 

SR19/T7Pol/pac cells or SR19/pac cells were transfected with 1 jig of pMP210LacZ, 
a /acZ-containing minigenome cDNA, with or without 0.2 fig each of the T7 expression 
plasmids pTMl-N, pTMl-P,and pTMl-L described in Grosfeld et al., supra. pMP210LacZ 
was made by replacing the ORF of GFP in pMP2 1 0 with the ORF of lacZ using the unique 

20 Xbal and Xmal sites. Twenty hours after transfection the cells were trypsinized and plated in 
24 well dishes and six hours later infected with RSV (5 pfu/cell) or mock-infected. At 36 hrs 
after infection, the cells were lysed and assayed for P-galactosidase as described above. The 
results, which are the mean of duplicate samples, are shown in Figure 3A. 

Significant induction of p-galactosidase activity by RSV infection was observed in 

25 cells expressing both T7 RNA polymerase and the RSV nucleocapsid proteins N, L and P. 
These cells are illustrated in Figure 7. Notably, p-galactosidase activity in the corresponding 
mock-infected cells was not significantly higher than p-galactosidase activity in mock- 
infected cells lacking T7 (background) or in mock-infected cells lacking N, L and P. 

To assess the relative requirement for each of the nucleocapsid proteins, various 

30 combinations of the N, L and P expression plasmids (0.2 \xg each) were cotransfected with the 
minigenome cDN A (pMP210LacZ at 1 \xg) into SR19/T7Pol/pac cells and the assay was 
carried out as above. The results, which are the mean of triplicate samples ± the standard 
deviation, are shown in Fig. 3B. RSV-induced p-galactosidase activity was significant only 
in the presence of all three nucleocapsid proteins. In addition, the amount of activity was 

35 unchanged when the assay was carried out after 10 passages of these minigenome-expressing 
cells. 
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When evaluated by histochemical staining as described in U.S. Patent 5,418,132, p- 
galactosidase-positive infected cells were observed only in the presence of the nucleocapsid 
proteins: a few stained infected cells per well were observed with N alone or with N plus P, 
while many stained infected cells were consistently observed when N, P, and L were all 
5 expressed (data not shown). Significantly, no stained cells were observed in the absence of 
RSV with or without the nucleocapsid proteins. The requirement for all three nucleocapsid 
proteins in this assay suggests that encapsidation and replication of the minigenome RNA are 
necessary for efficient reporter gene expression by the incoming RSV. In addition, the lack of 
P-galactosidase activity in mock-infected cells expressing all three nucleocapsid proteins 
10 indicates that detectable expression of p-galactosidase is dependent upon some factor(s) 
provided by RSV infection, probably the M2-1 protein. 

Example 4 

This example illustrates that the level of expression of the minigenome reporter gene 

15 is dependent on the input concentration of RSV. 

Approximately 2 x 10 6 SR19/T7Pol/pac cells in six 9.5 cm 2 wells were transfected 
with pMP210LacZ (1 ng) and pTMl-N, P, and L (0.2 ng each). After 18 h the transfected 
cells were trypsinized, pooled and plated into all the wells of a 48-well plate. Six h later 
approximately 10 5 cells were either (A) infected with increasing volumes of a two-fold 

20 dilution of a stock RSV (titer 2 xlO 7 pfu/ml assayed on HEp2 cells) and p-galactosidase 
activity assayed 36 hr later or (B) infected with either 0.5 microliters (low multiplicity of 
infection; LMOI) or 25 microliters (high multiplicity of infection; HMOI) of the same stock 
virus and P-galactosidase activity assayed at the indicated times after infection. The results of 
the dose response assay are shown in Fig. 4A (expressed as the mean of triplicate samples ± 

25 the standard deviation) and the results of the time course assay are shown in Fig. 4B (the 
mean of duplicate samples). 

The assay exhibited a relatively linear dose-response for RSV over a range of greater 
than one logio (Figure 4A). The RSV-induced expression exhibited a plateau effect above an 
inoculum equivalent to a multiplicity of infection of approximately 0.6 pfu/cell (based on 

30 HEp2 cells). These results indicate that this assay could be used in place of a plaque assay to 
quantitate RSV stocks. 

When p-galactosidase in these minigenome-expressing cells was measured as a 
function of time after infection, p-galactosidase activity following a LMOI infection (0.2 
pfu/cell) reached the same level as that following a HMOI infection (10 pfu/cell), but with a 
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delay of approximately 48 h (Fig. 4B). This suggests that RSV replicates and spreads within 
these cell cultures and that the duration of an infectious cycle is approximately 48 h. 

Example 5 

5 This example illustrates that RSV-induced expression of the minigenome reporter 

gene is sensitive to ribavirin. 

Ribavirin inhibits in vitro replication of many RNA viruses including RSV (Sidwell 
et al., Pharmacol Ther 6:123-146, 1979). Depending on the assay used, the 50% effective 
dose (ED50) of ribavirin for RSV has been reported to be around 5 jig/ml (Chiba et al., Biol 

10 Pharm Bull 18:1081-1083, 1995). To determine if ribavirin affects the detection of RSV by a 
minigenome assay, SR19/T7Pol/pac cells were cotransfected withpMP210LacZ, pTMl-N, 
pTMl-P, and pTMl-L as described in Example 3 and then infected with RSV (5 pfu/cell) in 
the presence of 1, 5, 50 or 200 ng/ml of ribavirin. As shown in Fig. 5A, (3-galactosidase 
activity was reduced to near background levels by as little as 1 ^ig/ml ribavirin (Fig. 5A). 

1 5 When this dose response experiment was repeated at subinhibitory concentrations between 0 
and 400 ng/ml ribavirin, the ED50 of ribavirin was determined to be less than 100 ng/ml (Fig. 
5B). 

Treatment of the cells with ribivarin (1 ng/ml) from the time of trnasfection of the 
RSV cDNA plasmids until the time of RSV infection had no effect on RSV-dependent P- 

20 galactosidase expression (data not shown). This suggests that under the conditions in which 
this assay was performed, ribavirin primarily affects RSV replication and transcription rather 
than the Sindbis replicon or T7 polymerase transcription and than any minigenome replication 
mediated by the RSV L protein occurring prior to replication of incoming RSV must be 
relatively insensitive to ribavirin. 

25 Example 6 

This example illustrates that RSV-induced (3-galactosidase activity in minigenome- 
expressing cells is sensitive to neutralizing antibody to RSV. 

To demonstrate that the RSV-induced (3-galactosidase activity in this system requires 
infectious virus, and can, therefore, be blocked by neutralizing antibody, we incubated RSV 

30 with different dilutions of a sample of pooled human gamma globulin. RSV is a highly 
prevalent human pathogen arid most adults have been infected at least once (Collins et al., 
Respiratory Syncytial Virus, pp. 1313-1350 in Fields Virology, B. N. Fields, D. M. Knipe and 
P. M. Howley, eds., Lippencott-Raven, Philadelphia, 1996). Therefore, pooled human 
gamma globulin has significant neutralizing activity against RSV. The globulin-treated virus 

35 was used to infect SRI 9/T7Pol/pac cells that had previously been transfected with 
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pMP210LacZ and pTMl-N, pTMl-P, and pTMl-L. As shown in Figure 6, p-galactosidase 
activity was inversely proportional to the amount of dilution of the gamma globulin sample. 

Example 7 

5 This example illustrates the specificity of RSV minigenome-expressing cells in 

detecting RSV in patient samples. 

SR19/T7Pol/pac cells that had previously been transfected with pMP210LacZ and 

pTMl-N, pTMl-P, and pTMl-L were incubated with two patient specimens, previously 

determined to contain RSV, or with patient specimens known to contain influenza A, 
10 influenza B, and parainfluenza types 1 and 2. Induction of P-galactosidase activity was 

determined by histochemical staining. 

Incubation with the RSV-containing specimens produced significant p-galactosidase, 

while specimens containing the other negative-stranded viruses did not induce any positively 

stained cells (data not shown). Thus, the assay is specific for RSV. 
15 The sensitivity of this assay can be enhanced by increasing the time of infection 

before assaying for P-galactosidase activity. At 36 h after infection, 3000 pfu could be 

detected; at 5 days after infection even an inoculum of less than 10 pfu gave a reading 

several-fold above background. 

In view of the above, it will be seen that the several advantages of the 
20 invention are achieved and other advantageous results attained. 

As various changes could be made in the above methods and compositions 

without departing from the scope of the invention, it is intended that all matter 

contained in the above description and shown in the accompanying drawings shall be 

interpreted as illustrative and not in a limiting sense. 
25 All references cited in this specification, including patents and patent applications, are 

hereby incorporated by reference. The discussion of references herein is intended merely to 

summarize the assertions made by their authors and no admission is made that any reference 

constitutes prior art. Applicants reserve the right to challenge the accuracy and pertinency of 

the cited references. 
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What is Claimed is : 

1 . A genetically engineered cell for detecting a negative-strand RNA virus, the 
cell comprising: 

a polynucleotide encoding a DNA-dependent RNA polymerase; 

a cDNA comprising a minigenome and a miniantigenome of the negative-strand 
5 RNA virus operably linked to a promoter for the DNA-dependent RNA polymerase, 
wherein the miniantigenome comprises a nucleotide sequence encoding a reporter 
gene product, and wherein expression of the reporter gene product is dependent upon 
the presence of the negative-strand RNA virus; and 

one or more nucleotide sequences encoding each of the nucleocapsid proteins of 
10 the negative-strand RNA virus which are necessary and sufficient for replication of 
minigenome RNA or miniantigenome RNA synthesized by the DNA-dependent RNA 
polymerase. 

2. The genetically engineered cell of claim 1 , wherein the DNA-dependent RNA 
polymerase is T7 RNA polymerase, T3 RNA polymerase or SP6 RNA polymerase. 

3. The genetically engineered cell of claim 2, wherein the polynucleotide is 
integrated into the nucleus and comprises a polymerase II promoter operably linked to 
a nucleotide sequence encoding the DNA-dependent RNA polymerase. 

4. The genetically engineered cell of claim 2, wherein the polynucleotide 
comprises a noncytopathic positive-strand virus replicon. 

5. The genetically engineered cell of claim 4, wherein the noncytopathic 
positive-strand virus replicon comprises a noncytopathic flavivirus replicon, a 
noncytopathic alphavirus replicon, a noncytopathic nodavirus replicon, a 
noncytopathic coronavirus replicon, or a noncytopathic astrovirus replicon. 

6. The genetically engineered cell of claim 5, wherein the negative-strand RNA 
virus is an orthomyxovirus, a paramyxovirus, a rhabdovirus, a filovirus, a bornavirus 
or a bunyavirus. 

7. The genetically engineered cell line of claim 6, wherein the negative-strand 
RNA virus is selected from the group consisting of: human parainfluenza virus type 1, 
human parainfluenza virus type 2, human parainfluenza virus type 3, human 
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parainfluenza virus type 4, human influenza virus, human respiratory syncytial virus 
(RSV), measles virus, mumps virus, rabies virus, ebola virus and hanta virus. 

8. The genetically engineered cell line of claim 7, wherein the reporter gene 
product is p-galactosidase, chloramphenical acetyl transferase, luciferase, alkaline 
phosphatase, green fluorescent protein or p-glucuronidase. 

9. The genetically engineered cell line of claim 8, wherein the negative-strand RNA 
virus is RSV, the DNA-dependent RNA polymerase is T7 RNA polymerase, the reporter gene 
product is p-galactosidase, and the nucleocapsid proteins necessary and sufficient for 
replication of the minigenome are the RSV proteins N, P and L which are encoded by three 
T7 expression plasmids. 

10. A method for detecting a negative-strand RNA virus in a sample, the method 
comprising: 

(a) providing a genetically engineered cell which comprises 

a polynucleotide encoding a DNA-dependent RNA polymerase; 
a cDNA comprising a minigenome and a miniantigenome of the negative-strand RNA 
virus operably linked to a promoter for the DNA-dependent RNA polymerase, wherein 
the miniantigenome comprises a nucleotide sequence encoding a reporter gene product, 
and wherein expression of the reporter gene product is dependent upon the presence of 
the negative-strand RNA virus; and 

one or more nucleotide sequences encoding each of the nucleocapsid proteins 
of the negative-strand RNA virus which are necessary and sufficient for replication 
of minigenome RNA or miniantigenome RNA synthesized by the DNA-dependent 
RNA polymerase; 

(b) culturing the cell for a time sufficient to synthesize the minigenome RNA or 
the miniantigenome RNA and to express the nucleocapsid proteins; 

(c) incubating the cell with the sample; and 

(d) detecting expression of the reporter gene product. 

1 1 . The method of claim 10, wherein the DNA-dependent RNA polymerase is T7 
RNA polymerase, T3 RNA polymerase or SP6 RNA polymerase. 

12. The method of claim 11, wherein the polynucleotide is integrated into the 
nucleus and comprises a polymerase II promoter capable of causing transcription of 
the polynucleotide. 

13. The method of claim 1 1, wherein the polynucleotide comprises a transcript of 
a noncytopathic positive-strand virus replicon. 
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14. The method of claim 13, wherein the noncytopathic positive-strand virus 
replicon comprises a noncytopathic flavivirus replicon, a noncytopathic alphavirus 
replicon, a noncytopathic nodavirus replicon, a noncytopathic coronavirus replicon, or 
a noncytopathic astrovirus replicon. 

15. The method of claim 14, wherein the negative-strand RNA virus is an 
orthomyxovirus, a paramyxovirus, a rhabdovirus, a filovirus, a bornavirus or a 
bunyavirus. 

16. The method of claim 15, wherein the negative-strand RNA virus is selected 
from the group consisting of: human parainfluenza virus type 1, human parainfluenza 
virus type 2, human parainfluenza virus type 3, human parainfluenza virus type 4, 
human influenza virus, human respiratory syncytial virus (RSV), measles virus, 

5 mumps virus, rabies virus, eboia virus and hanta virus. 

17. The method of claim 16, wherein the reporter gene product is P-galactosidase, 
chloramphenical acetyl transferase, luciferase, alkaline phosphatase, or green 
fluorescent protein. 

18. The method of claim 17, wherein the negative-strand RNA virus is RSV, the DNA- 
dependent RNA polymerase is T7 RNA polymerase, the reporter gene product is p- 
galactosidase, and the nucleocapsid proteins necessary and sufficient for replication of the 
minigenome are the RSV proteins N, P and L which are encoded by three T7 expression 

5 plasmids. 

19. A kit for detecting a negative-strand RNA virus sample in a sample, the kit 
comprising: 

a supply of genetically engineered cells which comprise: 
a polynucleotide encoding a DNA-dependent RNA polymerase; 
5 a cDNA comprising a minigenome and a miniantigenome of the negative-strand RNA 

virus operably linked to a promoter for the DNA-dependent RNA polymerase, wherein 
the miniantigenome comprises a nucleotide sequence encoding a reporter gene product, 
and wherein expression of the reporter gene product is dependent upon the presence of 
the negative-strand RNA virus; and 
10 one or more nucleotide sequences encoding each of the nucleocapsid proteins of the 

negative-strand RNA virus which are necessary and sufficient for replication of 
minigenome RNA or miniantigenome RNA synthesized by the DNA-dependent RNA 
polymerase. 
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20. The kit of claim 19, further comprising a supply of reagents necessary to detect 
expression of the reporter gene product. 
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Reference to Government Support 

This invention was made with U.S. Government support under Grant No. AH 1377 
awarded by the National Institutes of Health. The U.S. Government has certain rights in the 
5 invention. 

Background of the Invention 

(1) Field of the Invention 

This invention generally relates to the field of virology and, more particularly, 
10 to a method for detecting a negative-strand RNA virus in a biological specimen and 
genetically engineered cells for use in the method. 

(2) Description of Related Art 

Numerous negative-strand RNA viruses are pathogenic to humans and other 
animals. Examples of human diseases caused by negative-strand viruses include 
15 mumps, measles, pneumonia, bronchitis, influenza, infectious croup, rabies, ebola 
hemorrhagic fever, marburg hemorrhagic fever, and LaCrosse encephalitis. Thus, 
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detection of negative-strand viruses in biological specimens is important clinically 
and for various research purposes. 

Although there is considerable diversity in the genomic structure and 
biological properties of negative-strand RNA viruses, the RNA replication and 

5 transcription strategies of these viruses have common features. As with all RNA 
viruses, negative-strand RNA viruses express an RNA-dependent RNA polymerase 
and other RNA replicase and transcriptase factors necessary to transcribe their mRNA 
and replicate their genomes (Olivo, P.D., Clin. Microb. Rev. 9:321-334, 1996). In the 
virion of a negative-strand virus, the RNA polymerase forms a complex with the 

10 nucleocapsid protein and the genomic RNA. Once the virion enters the cell and 
begins to uncoat, the virion RNA polymerase transcribes subgenomic mRNAs from 
the genomic RNA. The RNA polymerase also synthesizes full-length positive-strand 
replicative-intermediate RNA (antigenome), which is used as a template for making 
many copies of negative-stranded genomic RNA that then are used as templates for 

1 5 secondary transcription of additional viral mRNAs. 

The study of negative-strand viruses has been complicated by the fact that the 
RNA-dependent RNA polymerase uses as template only RNA associated with virus- 
specific nucleocapsid proteins; thus, naked genomic RNA transfected into a cell is not 
replicated (Bukreyev et aL, J. Virol 70:6634-6641, 1996; Olivo, supra). Recently, 

20 however, a number of laboratories have described advances in the genetic 

manipulation of various negative-strand RNA viruses. For example, infectious rabies 
virus, Sendai virus, vesicular stomatitis virus, measles virus, and respiratory syncytial 
virus (RS V) have been reportedly recovered by using T7 RNA polymerase to generate 
a full-length antigenomic transcript from a cDNA of the genome in the cell cytoplasm 

25 together with the viral proteins necessary for assembly of a nucleocapsid and for RNA 
replication and transcription (Schnell et aL, £M£0,/ 13:4195-4203, 1994; Garcin et 
aL, EMBOJ 14:6087-6094, 1995; Lawson et aL, Proc. Natl Acad. Sci. USA 92:4477- 
4481, 1995; Radecke et aL, EMBO J 14:5773-5784, 1995; Whelan et aL, Proc. Natl 
Acad. Sci. USA 92:8388-8392, 1995; Collins et aL, Proc. Natl Acad. Sci. USA 

30 92:1 1563-1 1567, 1995). In these reports, the T7 RNA polymerase was provided to 
the cell cytoplasm by infection with a recombinant vaccinia virus containing the gene 
for T7 RNA polymerase. 
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Other studies investigating viral protein function in replication and 
transcription of negative-strand RNA viruses have employed "minigenomes", in 
which some or all of the viral protein-coding sequences are replaced with a reporter 
gene flanked by m-acting elements necessary for replication and transcription. See, 
5 e.g., Grosfeld et al., 1 of Virol 69:5677-5686, 1995; Conzelmann et al, 1 Virol 
68:713-719, 1994; De et al., Virol 196:344-348, 1993; Dimock et al., J. Virol 
67:27722-2778, 1993. In this approach, a cDNA is constructed in which the 
minigenome is operably linked to a promoter for a bacteriophage RNA polymerase, 
and the minigenome cDNA is transfected into cells and transcribed by the 

10 bacteriophage RNA polymerase in the presence of various viral proteins supplied by 
cotransfected plasmids, whose expression is also driven by the bacteriophage RNA 
polymerase, which is supplied by infection with a recombinant vaccinia virus. 
Induction of reporter gene expression indicates the transfected cell is expressing all 
the viral proteins needed to replicate and transcribe the minigenome. 

15 Using this approach to study replication and transcription in RSV, the major 

nucleocapsid protein (N), the nucleocapsid-associated phosphoprotein (P), and the 
polymerase L protein were identified as sufficient to replicate the minigenome 
(Grosfeld et al., supra; Yu et al., J. Virol. 69:2412-2419, 1995). Coexpression of the 
N, P, and L proteins with a minigenome containing the cat reporter gene also resulted 

20 in synthesis of full-size and incomplete CAT mRNA species and abundant expression 
of CAT (Grosfeld et al., supra). In contrast, efficient synthesis of full-length mRNA 
was observed when cells containing the minigenome cDNA and the N, P and L 
expression plasmids were coinfected with the T7-expressing vaccinia virus and RSV, 
i.e., the minigenome RNA and the N, P and L proteins were synthesized by T7 RNA 

25 polymerase in the presence of infectious RSV (Grosfeld et al., supra). A later study 
demonstrated that expression of an additional RSV protein, the transcription 
elongation factor M2-1, was required for fully processive sequential transcription in 
this T7-expression plasmid complementation system (Collins et al., Proc. Natl. Acad. 
Sci. USA 93:81-85,1996). 

30 In U.S. Patent No. 5,591,579, a genetically engineered cell line and method for 

detecting positive-strand RNA viruses was described. The cell line is stably 
transformed with a cDNA copy of a structurally defective RNA virus genome which 
contains (1) the czs-acting sequences of the RNA virus genome which are necessary 
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for replication and transcription by trans-acting enzymes from the RNA virus and (2) 
a reporter gene. The cDNA is constitutively transcribed into a (+) strand RNA 
molecule from a RNA polymerase II promoter in the nucleus of the host cell, but little 
or no expression of the reporter gene occurs until the cell is infected by a positive- 
5 strand RNA virus that recognizes the as-acting sequences and causes significant 
replication of the (+) strand RNA molecule through a (-) strand RNA intermediate. 

Recently, a review article on the use of transgenic cell lines for detecting 
animal viruses speculated that a similar strategy could be used to make a cell line for 
detecting negative-strand RNA viruses (Olivo et al, supra). The article stated 

10 generally that such a cell line would constitutively express the viral nucleocapsid 
protein and a chimeric antigenomic RNA molecule which contains a reporter gene 
open reading frame (ORF) and the as-acting sequences necessary for replication and 
transcription by the replicase and transcriptase of the same negative-strand RNA 
virus. This chimeric RNA molecule would be designed, in an unspecified manner, to 

1 5 preclude translation of the reporter gene in uninfected cells. Replication and 

transcription of the chimeric RNA molecule and synthesis of translatable reporter 
gene mRNA would be carried out by the replicase-transcriptase complex brought into 
this hypothetical cell by infection with the negative-strand RNA virus. However, this 
article did not teach how the nucleocapsid protein and chimeric RNA molecule would 

20 be constitutively expressed or how to design the chimeric RNA molecule to preclude 
translation of the reporter gene in the absence of infectious virus. It would be 
desirable, therefore, to provide a rapid, specific, sensitive and cost-efficient assay for 
the detection of infectious negative-stranded RNA viruses. 

25 Summary of the Invention 

Briefly, therefore, the present invention is directed to novel compositions and 
methods which permit the detection of a negative-strand RNA virus in a specimen. In 
one embodiment, the invention provides a genetically engineered cell which expresses 
a reporter gene product only in the presence of infectious virions of the negative- 

30 strand RNA virus. The genetically engineered cell comprises a polynucleotide 

encoding a DNA-dependent RNA polymerase and a cDNA comprising a minigenome 
and a miniantigenome of the negative-strand RNA virus operably linked to a promoter 
for the DNA-dependent RNA polymerase. The miniantigenome comprises a 
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nucleotide sequence encoding a reporter gene product whose expression is dependent 
upon the presence of the negative-strand RNA virus. 

Expression of the DNA-dependent RNA polymerase in the cell results in 
transcription of the cDNA into a minigenome RNA or an miniantigenome RNA, 
5 depending on the orientation of the promoter with respect to the open reading frame 
(ORF) of the reporter gene. When the promoter is located downstream of the ORF, a 
minigenome RNA is synthesized which contains an untranslatable negative-sense 
copy of the reporter gene ORF and when the promoter is located upstream of the 
ORF, a miniantigenome RNA is synthesized. Although this miniantigenome contains 

10 a positive-sense copy of the reporter gene ORF, its translation is very inefficient 
because the miniantigenome is not a capped, polyadenylated mRNA. Thus, 
detectable expression of the reporter gene in the absence of infectious virus does not 
occur. The cell also comprises one or more nucleotide sequences encoding each of 
the nucleocapsid proteins of the negative-strand RNA virus which are necessary and 

1 5 sufficient for replication of the minigenome RNA or miniantigenome RNA 

synthesized by the DNA-dependent RNA polymerase. Minigenome RNA synthesized 
in the presence of these nucleocapsid proteins, which includes minigenome RNA 
made as an intermediate during replication of the miniantigenome, is stabilized and 
amplified without detectable expression of the reporter gene product. Infection of the 

20 cell with the negative-strand virus introduces all the viral gene products necessary for 
transcription of the preformed minigenome RNA to produce translatable mRNA 
molecules encoding the reporter gene product. 

In another embodiment, the invention provides a method for detecting a 
negative-strand RNA virus in a sample which comprises culturing the above- 

25 described genetically engineered cell for a time sufficient to synthesize the 

minigenome or miniantigenome RNA and the nucleocapsid proteins, then incubating 
the cells with the sample and detecting expression of the reporter gene product. In 
some embodiments, the method includes quantifying the number of infectious 
particles of the RNA virus that are present in the sample. 

30 In other embodiments the genetically engineered cell is used to screen 

compounds for anti-viral activity and for measuring antibody responses of individuals 
infected with or vaccinated against the RNA virus. 
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In yet another embodiment, the invention provides a kit for detecting the 
presence of a negative-strand RNA virus in a sample which comprises a supply of the 
above-described genetically engineered cells. In a preferred embodiment, the kit also 
includes a set of reagents for detecting expression of the reporter gene product. 

5 The invention also provides a method for making a genetically-engineered cell 

capable of detecting a negative-strand RNA virus. The method comprises (1) 
providing a cell that is susceptible to infection by the negative-strand RNA virus; (2) 
introducing into the cell a polynucleotide encoding a DNA-dependent RNA 
polymerase and selecting for cells containing the polynucleotide; (3) introducing into 

10 the selected cells a cDNA comprising a minigenome and an miniantigenome of the 
negative-strand RNA virus operably linked to a promoter for the DNA-dependent 
RNA polymerase, wherein the miniantigenome comprises a nucleotide sequence 
encoding a reporter gene product, and wherein expression of the reporter gene product 
is dependent upon the presence of the negative-strand RNA virus; and (3) introducing 

15 into the cells one or more nucleotide sequences encoding each of the nucleocapsid 
proteins of the negative-strand RNA virus which are necessary and sufficient for 
replication of minigenome RNA or miniantigenome RNA synthesized by the DNA- 
dependent RNA polymerase. 

Among the several advantages of the present invention may be noted the 

20 provision of a genetically engineered cell which expresses a reporter gene product 

only after infection by a particular negative-strand RNA virus; the provision of a rapid 
and sensitive assay for specifically detecting the negative-strand RNA virus; the 
provision of such an assay that is capable of quantitating the amount of the negative- 
strand RNA virus in a sample that can be useful for assessing compounds for antiviral 

25 activity and for measuring antibody responses in infected or vaccinated individuals; 
and the provision of a kit for detecting and/or quantitating the negative-strand RNA 
virus. 

Brief Description of the Drawings 
30 Figure 1 A is a schematic representation of SR19/pac cDNA, showing an SP6 

promoter operably linked to a DNA copy of a noncytopathic Sindbis virus replicon in which 
the gene for puromycin acetyltransferase (PAC) is operably linked to the Sindbis subgenomic 
promoter; 
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Figure IB is a schematic representation of SR19/T7pol/pac cDNA, which is identical 
to the cDNA of Figure 1 A except that the noncytopathic Sindbis virus replicon contains a the 
T7 RNA polymerase operably linked to a second Sindbis subgenomic promoter; 

Figure 2 is a bar graph of p-galactosidase activity in baby hamster kidney 
5 (BHK) cells transformed with a noncytopathic Sindbis virus replicon expressing T7 
RNA polymerase (SR19/T7/pac) or the parent replicon (SR19/pac) and transfected 
with a T7 expression plasmid expressing the E. coli lacZ gene under the control of the 
T7 promoter (pTMl-LacZ) or the parent T7 expression plasmid (pTMl); 

Figure 3 A is a bar graph of P-galactosidase activity in mock-infected or RSV- 
1 0 infected SRI 9/T7/pac-BHK or SRI 9/pac-BHK cells transfected with a cDNA of a 
/acZ-containing RSV minigenome (pMP210LacZ) alone or with T7 expression 
plasmids expressing the RSV nucleocapsid proteins N, L and P (+ NLP); 

Figure 3B is a bar graph of P-galactosidase activity in mock-infected or RSV- 
infected SR19/T7/pac-BHK or SR19/pac-BHK cells transfected with pMP210LacZ 
15 alone or with various combinations of the T7 expression plasmids for N, L and P as 
indicated by the + and - symbols below the graph; 

Figure 4 A is a graph of p-galactosidase activity in SR19/T7/pac-BHK cells 
cotransfected with pMP210LacZ and the nucleocapsid expression plasmids and 
infected with the indicated amounts of RSV; 
20 Figure 4B is a graph of P-galactosidase activity in the cells from Figure 4A at 

the indicated times following RSV infection at a high multiplicity of infection 
(HMIO) or at a low multiplicity of infection (LMOI); 

Figure 5 illustrates the effect of ribivarin on the induction of reporter gene 
activity in RSV-infected SR19/T7/pac-BHK cells cotransfected withpMP210LacZ 
25 and the nucleocapsid expression plasmids showing in FIG. 5 A a bar graph of p- 
galactosidase activity at high concentrations of ribivarin and in FIG. 5B a dose- 
response curve of p-galactosidase activity at subinhibitory concentrations or ribivarin 
expressed as a percentage of the control; 

Figure 6 is a graph of P-galactosidase activity in SR19/T7/pac-BHK cells 
30 cotransfected with pMP2 1 OLacZ and the nucleocapsid expression plasmids after 
infection with RSV which had been preincubated with the indicated dilutions of 
pooled human immune globulin; and 
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Figure 7 is a schematic representation of the recombinant constructs and molecular 
pathways involved in generating a reporter gene product in accordance with one embodiment 
of the invention. 

5 Description of Preferred Embodiments 

In accordance with the present invention, a method for detecting negative- 
strand RNA viruses and genetically engineered cells for use in the method are 
provided. The invention is based on the inventors 1 discoveries (1) that minigenome 
RNA of a negative-strand virus expressed by a genetically engineered cell in the 
10 presence of certain viral nucleocapsid proteins is accessible for transcription of 
translatable reporter gene mRNA when the cell is subsequently infected with the 
negative-strand virus and (2) that expression of the product of the reporter gene is not 
detectably expressed in the absence of the negative-strand virus. 

In the context of this disclosure, the following terms shall be defined as 
1 5 follows unless otherwise indicated: 

"cis-acting sequences" means the nucleotide sequences from an RNA virus 
genome that are necessary for the recognition of the genomic RNA by specific 
protein(s) of the RNA virus that carry out replication and/or transcription of the 
genome; 

20 "heterologous DNA-dependent RNA polymerase" means a DNA-dependent 

RNA polymerase not naturally encoded in a vertebrate cell; 

"infectious" when used to describe a virus or an RNA molecule, means a virus 
of RNA molecule that is self-replicating and provides for transcription of viral 
mRNAs in a host cell; 
25 "miniantigenome" means an RNA molecule or a DNA molecule that is 

complementary to a minigenome; 

"minigenome" means a DNA or RNA analog of the genome of a negative- 
strand RNA virus which contains the cis-acting sequences necessary for replication 
and transcription in cells infected with the negative-strand RNA virus and which 
30 contains a negative-sense open reading frame of a reporter gene in place of one or 
more of the viral protein-coding sequences; 

"negative-strand RNA virus" means a virus whose genome consists of one 
negative-sense RNA molecule (nonsegmented genome) or a plurality of RNA 



WO 00/26417 PCTAJS99/25390 

9 

molecules of negative sense (segmented genome) and which replicates its genome 
through a positive-sense RNA intermediate^); 

"replicon" means a replication-competent viral RNA that contains the genetic 
information needed for virus replication but not for virus assembly; 
5 "transfected cell" or "transformed cell" means a cell containing an 

exogenously introduced nucleic acid molecule which may be present in the nucleus or 
the cytoplasm of the cell; 

"stably transformed cell" means a cell containing an exogenously introduced 
nucleic acid molecule which is present in the nucleus of the cell and may be stably 

10 integrated into the chromosomal DNA of the cell. 

A genetically engineered cell according to the present invention is a vertebrate 
cell that is susceptible to infection by the 1 negative-strand RNA virus to be detected 
and that is capable of expressing a heterologous DNA-dependent RNA polymerase 
which synthesizes a minigenome RNA or miniantigenome RNA of a negative-strand 

1 5 virus from a promoter recognized by the DNA-dependent RNA polymerase. The cell 
is also capable of expressing the nucleocapsid proteins of the negative-strand virus 
that are necessary for replication of the minigenome RNA or miniantigenome RNA. 

A cell is susceptible to infection if the infecting virus can enter the cell and 
proceed far enough in its replication cycle to express proteins necessary for efficient 

20 synthesis of translatable reporter gene mRNA from preformed minigenome RNA. It 
will be understood by those skilled in the art that cell lines susceptible to infection by 
a particular negative-strand RNA virus can be readily identified by searching the 
literature for known susceptible cell lines and/or by screening candidate cell lines 
using well-known procedures requiring only routine experimentation. Susceptible 

25 cells for negative-strand RNA viruses include, but are not limited to baby hamster 

kidney cells, African green monkey cells, rabbit skin fibroblasts, 3T3 mouse cells and 
the like. Baby hamster kidney cells are preferred for use as the host cell for detecting 
negative-strand viruses that infect mammals, including humans. 

The heterologous DNA-dependent RNA polymerase expressed by the cell comprises 

30 a naturally-occurring amino acid sequence or a functional equivalent thereof. A functional 
equivalent of a DNA-dependent RNA polymerase contains one or more amino acid 
substitutions, additions or deletions in the naturally-occurring amino acid sequence that do not 
prevent the modified polymerase from synthesizing full-length transcripts from a DNA 
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template. Typically, the heterologous DNA-dependent RNA polymerase comprises the amino 
acid sequence of an RNA polymerase made by a bacteriophage such as T7, T3 or SP6. A 
preferred DNA-dependent RNA polymerase for use in the present invention is T7 RNA 
polymerase. 

5 In one embodiment, the heterologous DNA-dependent RNA polymerase is 

encoded by a polynucleotide integrated into the cell nucleus and comprises a 
polymerase II promoter recognized by the host cell transcription machinery operably 
linked to a nucleotide sequence encoding the heterologous DNA-dependent RNA 
polymerase. In a preferred embodiment, the polynucleotide encoding the 

10 heterologous DNA-dependent RNA polymerase is an RNA molecule that comprises a 
noncytopathic positive-strand virus replicon. Use of a noncytopathic replicon allows 
for long-term, continuous expression of the DNA-dependent RNA polymerase 
without killing the host cell. Modification of replicons to make them noncytopathic is 
known in the art and can be accomplished, i.e., by isolating variants having adaptive 

1 5 mutations in the viral replication machinery that allows persistent noncytopathic 
replication in vertebrate cells or by using a dominant selectable marker (see e.g., 
Frolov et al., Proa Natl Acad. Sci. USA 93:1 1371-1 1377, 1996 and referenced cited 
therein). Preferred viruses for preparation of noncytopathic replicons include 
flaviviruses, e.g., Kunjin virus, alphaviruses such as Sindbis virus, Semliki forest 

20 virus, nodaviruses such as flock house virus, astroviruses and coronaviruses. The 
noncytopathic replicon can be transcribed from a cDNA of the replicon that is 
operably linked to a polymerase II promoter and integrated into the nucleus. 
Alternatively, the replicon can be prepared chemically or by in vitro transcription 
from a plasmid and then transfected into the cell cytoplasm. 

25 The heterologous DNA-dependent RNA polymerase specifically recognizes a 

prompter in a cDNA comprising a minigenome and a miniantigenome of the negative- 
strand RNA virus to be detected. Typically, the nucleotide sequence of the promoter 
is identical to a promoter sequence found in the same organism that encodes the 
DNA-dependent RNA polymerase. However, the promoter may contain one or more 

30 nucleotide substitutions in the naturally-occurring sequence, as long as such 

substitutions do not affect specificity of recognition by the DNA-dependent RNA 
polymerase. The promoter is operably linked to either the DNA sequence encoding 
the minigenome or to the DNA sequence encoding the miniantigenome to direct the 
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synthesis of either minigenome RNA or miniantigenome RNA, respectively. 
Preferably, the promoter directs the synthesis of minigenome RNA. 

The minigenome encoded by the cDNA comprises the cis-acting 3 '-leader and 
5 '-trailer sequences from the viral genome that are necessary for its replication and 

5 transcription by the viral-encoded RNA-dependent RNA polymerase. For the 
detection of RNA viruses having segmented genomes, it is believed that cis-acting 
sequences from any of the segments will make a functional minigenome. These cis- 
acting sequences flank a negative-sense copy of a reporter gene ORF, which is 
operably linked to gene-start (GS) and gene-end/polyadenylation (GE) transcription 

1 0 signals that are recognized by the RNA-dependent RNA polymerase. The leader, 
trailer, GS and GE sequences for any particular negative-strand RNA virus can be 
found in the scientific literature or can be identified by the skilled artisan using well- 
known and routine techniques. See, e.g., Weng et al., Genome Res. 5:202-207, 1995; 
Garcia-Sastre et al., Annu. Rev. Microbiol. 47:765-790, 1993 and references cited 

15 therein. In addition, it is intended that the minigenome can contain modifications in 
the naturally-occurring leader, trailer, GS and GE sequences that do not destroy 
replication or transcription of the minigenome or production of reporter gene mRNA 
in the presence of the negative-strand virus. 

Any reporter gene that encodes a detectable product is suitable for use in the 

20 present invention. The reporter gene product is preferably one that can easily be 

assayed for or detected in a cell. One enzyme that has proved to be particularly useful 
as a reporter gene product is p-galactosidase. Preferably, a bacterial p-galactosidase 
is used, and most preferably the P-galactosidase from E. coli that is encoded by the 
LacZ gene, fi-galactosidase is preferred because of its well-characterized nature and 

25 the existence of a variety of methods to detect its presence. Other reporter gene 

products useful in this invention generally include hydrolases or oxidoreductases and, 
in particular, such enzymes as JJ-glucosidase, 13-glucuronidase, B-hexosaminidase, 
luciferase, phospholipase, phosphatase, etc. Green fluorescent protein (GFP) is 
another reporter gene product useful in the invention. 

30 An ORF encoding B-galactosidase or luciferase is particularly preferred for 

use in this invention because of the numerous methods known to detect expression of 
these enzymes and the relative sensitivity of such methods. Among these methods 
include histochemical assays involving a chromogenic or fluorogenic substrate which 
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permits detection of B-galactosidase activity by a change in the color of the cell that 
can be detected macroscopically or microscopically. The use of luciferase provides 
an enzymatic assay that is more sensitive than the colorimetric or fluorometric P- 
galactosidase assay. Expression of luciferase may be detected by known 
5 luminometric methods using luciferin as the enzyme substrate. 

The minigenome or miniantigenome synthesized by the DNA-dependent RNA 
polymerase should have replication competent termini. These can be generated by 
appropriate construction of the minigenome-encoding cDNA using methods known in 
the art. For example, the cDNA can include at least one transcription terminator 

10 recognized by the DNA-dependent RNA polymerase in operable linkage with the 
minigenome or the miniantigenome. More preferably, the cDNA also comprises a 
self-cleaving ribozyme located between the transcription terminator and the 3'- 
terminus of the minigenome or miniantigenome. The position of the ribozyme is such 
that a transcript of the cDNA synthesized by the DNA-dependent RNA polymerase is 

15 cleaved by the ribozyme to produce a minigenome RNA or miniantigenome RNA 
having a replication competent 3 '-terminus. Similarly, the cDNA can also contain a 
self-cleaving ribozyme positioned between the promoter for the DNA-dependent 
RNA polymerase and the trailer or leader sequence of the minigenome or 
miniantigenome, respectively, such that the 5 '-terminus is replication competent. A 

20 number of self-cleaving ribozymes suitable for use in the invention are known in the 
art. See, e.g., Grosfeld et al., supra; Long et al, FASEB 7. 7:25-30, 1993; Perrotta et 
dl., Nature 350:434-436, 1991. 

The genetically engineered cell also comprises one or more nucleotide 
sequences encoding the nucleocapsid proteins that are necessary and sufficient for 

25 replication of the minigenome RNA or miniantigenome RNA transcribed from the 
cDNA. As used herein, "necessary and sufficient for replication" is intended to mean 
that minigenome RNA or miniantigenome RNA synthesized from the cDNA in the 
presence of these nucleocapsid proteins is replicated in the absence of the negative- 
strand virus to be detected while detectable expression of the reporter gene product 

30 does not occur until the cell is infected with the negative-strand virus. As used herein, 
the terms "detectable expression of the reporter gene product" and "dependent upon 
the presence of the negative-strand virus" mean that the reporter gene product is 
practically detectable above background levels in the particular diagnostic assay being 
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used, with background levels referring to measurements taken when the assay is 
performed in the absence of infectious virus or with genetically-engineered cells that 
lack the reporter gene. 

As demonstrated below, the nucleocapsid proteins necessary and sufficient for 

5 replication of an RSV minigenome are the N, P and L proteins. Functional 

counterparts of these proteins in other negative-strand viruses can be identified from 
the scientific literature and by using methods known in the art. The combination of 
nucleocapsid proteins that are necessary and sufficient to replicate the minigenome of 
any particular negative-strand virus can be determined as described below in Example 

10 3. In brief, T7-expression plasmids are constructed that express each of the 

nucleocapsid proteins and various combinations of these plasmids are introduced into 
a vertebrate cell expressing T7 RNA polymerase and containing a minigenome- 
encoding cDNA. The resulting genetically-engineered cell is incubated for a time 
sufficient for minigenome replication to proceed and then the cell is mock-infected or 

1 5 infected with the negative-strand virus and expression of the reporter gene product is 
measured. A combination of nucleocapsid proteins suitable for use in the present 
invention is one whose pre-infection expression results in cells that lack detectable 
reporter gene product in the absence of virus but that show efficient expression of the 
reporter gene product in the presence of the virus. It is intended that any or all of 

20 these nucleocapsid proteins may contain amino acid substitutions or deletions in the 
naturally-occurring sequence as long as the modified protein(s) functions in an 
equivalent manner as the native protein. 

The nucleotide sequences encoding the desired nucleocapsid proteins can be 
provided by separate polynucleotides cotransfected into the cell or can be provided by 

25 a single polynucleotide in which separate transcription units encode the desired 

nucleocapsid proteins. Expression of mRNAs for the nucleocapsid proteins can be 
directed by promoters and transcription termination signals recognized by the 
heterologous DNA-dependent RNA polymerase expressed in the host cell cytoplasm 
or by polymerase II in the host cell nucleus. In embodiments in which a 

30 noncytopathic replicon expresses the DNA-dependent RNA polymerase, the replicon 
can also contain the nucleotide sequences encoding the nucleocapsid proteins 
arranged such that the replicon expresses mRNAs for each of the nucleocapsid 
proteins from a different subgenomic promoter. In a preferred embodiment, the 
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heterologous DNA-dependent RNA polymerase is T7, T3, or SP6 RNA polymerase 
and the nucleotide sequences for the desired nucleocapsid proteins are operably linked 
to the corresponding T7, T3, or SP6 promoter. 

In accordance with the method provided by the invention, the above-described 
5 genetically-engineered cells can be used to test a sample for the presence of a 
negative-strand virus. The sample can be any material which can be placed into a 
fluid or fluid environment and includes biological fluids such as blood, semen, 
nasopharyngeal swabs, cerebrospinal fluids and the like. 

To carry out the method, the genetically engineered cells are first cultured for 

1 0 a period of time sufficient for synthesis of the minigenome or miniantigenome RNA 
and for expression of the nucleocapsid proteins. It is believed this culture step 
provides the minigenome RNA in an encapsidated form that is accessible for efficient 
expression of the reporter gene product by the replicase/transcriptase machinery of the 
incoming virus. Typically, this first culture period will be between 16 and 24 hours, 

15 but shorter or longer culture times may also produce functional, encapsidated 
minigenome RNA and the culture time suitable for a particular assay can be 
determined empirically. 

The pre-cultured cells are then incubated with the sample in a suitable culture 
medium for a period of time sufficient for the infectious cycle of the target RNA virus 

20 to proceed, if the target virus is in the specimen, it will produce the factor(s) 

necessary for detectable expression of the reporter gene product. Typically, this 
incubation period is between 24 and 48 hours, although the optimal length for any 
particular negative-strand RNA virus should be determined empirically. Expression 
of the reporter gene product can be detected in the cells, in the culture medium, or in 

25 cell extracts. 

The invention also provides a kit for detecting a negative-strand RNA virus. 
The kit is prepared by placing in a container a supply of the above-described 
genetically-engineered cells sufficient to conduct an assay or a number of assays in 
accordance with the invention. Preferably, the kit is also provided with reagents 
30 necessary for detecting the reporter gene product, placed in separate containers. An 
instruction manual can also be included in the kit. 
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The method and cells of this invention are useful for the detection of negative- 
strand RNA viruses belonging to the following families: Rhabdoviridae, Filoviridae, 
Paramyxoviridae, Orthomyxoviridae, Bunyaviridae, and Arenaviridae. 

The following examples of the present invention are offered by way of illustration 
5 and are not to be considered in a limiting sense. 



Example 1 

This example illustrates that T7 RNA polymerase expressed by a Sindbis virus 
replicon in baby hamster kidney (BHK) cells is functional. 

10 As discussed above, studies of replication and transcription in negative-strand viruses 

have primarily used a vaccinia virus/T7 RNA polymerase system to supply intracellular T7 
RNA polymerase for transcription of a desired gene under the control of the T7 promoter. 
However, an RNA detection method requiring coinfection with vaccinia virus would not be 
practicable for clinical diagnostic purposes. Thus, the inventors herein wished to develop a 

15 system that would permit the use of stably transformed cells, which would be easier to handle 
and allow more widespread use. 

Recently, noncytopathic Sindbis virus replicons have been developed which contain 
the gene for puromycin resistance (pac) under control of the Sindbis subgenomic RNA 
promoter (SR19/pac) (Frolov et aL, Proc. Natl. Acad Sci. USA 93:1 1371-1 1377, 1996). 

20 Transfection of BHK cells with RNA transcribed in vitro from a cDNA of an SR19/pac 
replicon (Fig. 1A) produces a population of puromycin-resistant cells due to constitutive 
replication and transcription of the noncytopathic replicon and consequent expression of 
puromycin acetyl transferase. Modification of SR19/pac replicons to express an additional 
foreign gene operably linked to a second subgenomic RNA promoter has been achieved 

25 (Lindenbach et al., J. Virol. 71:9608-9617, 1997). For example, cells that carry a replicon 

expressing T7 RNA polymerase (SR19/T7Pol/pac) can transcribe a gene under the control of 
the T7 promoter following transfection of that gene (Agapov, E., et al., Proc. Natl. Acad. Sci. 
USA 95:12989-12994, 1998). 

To determine if the SR19/T7pol/pac system could be used to express functional T7 

30 RNA polymerase in BHK cells, replicon RNAs were transcribed in vitro from SR19/pac and 
SR19/T7Pol/pac cDNA plasmids (Figs. 1A, IB) (gift of Eugene Agapov and Charles Rice, 
Washington University School of Medicine, St. Louis, MO) using SP6 RNA polymerase. 
The replicon RNAs were electroporated into BHK-21 cells (ATCC) and replicon-containing 
cell populations were selected for puromycin resistance as described by Lindenbach et al., 

35 supra. The SR19/pac- and SR19/T7Pol/pac-transformed cells were then transfected with the 
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T7 expression vector pTMl (a generous gift of Bernard Moss, NIAID, Bethesda, MD) or with 
pTMl-LacZ, which was generated by cloning the E. coli lacZ gene into the Ncol-BamHl 
window of the pTM-1 plasmid, thus placing the lacZ gene under control of the T7 promoter. 
The four groups of recombinant cells were maintained in puromycin-containing medium for 
5 24 hours and then (3-galactosidase activity in lysates prepared from these cells was determined 
as follows. 

P-galactosidase activity was measured using the substrate chlorophenolred-|3-D- 
galactopyranoside (CPRG, Boehringer Mannheim, Indianapolis, IN) (final concentration 5 
mM) in a 0.2 M potassium phosphate buffer, pH 7.8, with 1 mM MgCh- Lysates were made 

10 in this buffer containing 1% Triton X-100 and 1 mM dithiothreitol. Fifty (xliters of lysate 
were mixed with 50 ^1 of substrate in a microtiter plate well. After incubation for 30 to 120 
min at room temperature, the optical density at a wavelength of 562 nM (OD562) was 
measured with a THERMOmax microplate reader using SOFTmax software (Molecular 
Devices, Sunnyvale, CA). The assay was shown to be linear up to an OD562 of 3.0. 

15 The amount of (3-galactosidase activity in the four different groups of cells is shown 

in Fig. 2 (amounts shown are the mean of duplicate samples). High levels of p-galactosidase 
activity were detected in cells containing both the SR19/T7Pol/pac replicon and the pTMl- 
LacZ plasmid, but not in control cells that lacked the T7 RNA polymerase or the lacZ gene 
(Figure 2). Thus, functional T7 RNA polymerase is expressed in BHK cells transfected with 

20 SR19/T7pol/pacRNA. 



Example 2 

This example illustrates that SR19/T7Pol/pac-transformed BHK cells are susceptible 
25 to infection by the negative-strand virus RSV and that such RSV-infected cells support 
replication and transcription of an RSV minigenome. 

SR19/T7Pol/pac BHK cells were mock-infected or infected with 10 plaque-forming 
units (pfu)/cell of RSV (strain A2), which was propogated and titered on HEp-2 cells as 
described previously (Grosfeld et al., supra). Forty-five minutes later, the cells were 
30 transfected over a 3-h period with 0.5-1 .5 ng of in vrtro-synthesized RSV-CAT minigenome 
RNA, which contains the bacterial cat gene in place of all of the viral protein open reading 
frames (Collins et al, Proc. Natl Acad. ScL USA 88:9663-9667, 1991). The minigenome 
RNA was a run-off transcript of 935 nt produced by T7 RNA polymerase of //gal-linearized 
RSV-CAT cDNA (Collins et al., 1991). Only RSV-infected cells exhibited reporter gene 
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expression (data not shown), indicating that SR19/T7Pol/pac BHK cells are permissive for 
RSV infection as well as RSV minigenome replication and expression. 

The inventors next asked whether minigenome RNA transcribed in vivo in 
SR19/T7Pol/pac BHK cells was functional. SR19/T7Pol/pac BHK cells were mock-infected 
5 or infected with RSV (strain A2) at 10 plaque-forming units (pfu) per cell and 45 min. later 
were transfected with pC2CAT, a derivative of RSV-CAT cDNA which, inter alia, contains a 
hammerhead-type ribozyme sequence and T7 transcription terminator at the 3 ' end of the 
encoded transcript (GTOsfeld et ah, 1995, supra). Ribozyme self-cleavage of the 17- 
synthesized transcript of pC2CAT leaves a single non-RSV-specific 3 '-phosphorylated U 

10 residue on the 3' terminus (Grosfeld et al., 1995, supra). Under these conditions, RSV- 
infected cells exhibited a marked increase in CAT activity as compared to CAT activity in 
mock-infected cells (data not shown). 

The results of these experiments indicate that RSV-infected SR19/T7Pol/pac cells can 
produce a functional RSV minigenome from minigenome RNA or minigenome cDNA that is 

1 5 subsequently transfected into the cell. 



Example 3 

This example illustrates that preformed minigenome RNA requires RSV nucleocapsid 
proteins for activity after RSV infection. 

20 The assay initially envisioned by the inventors for detecting RSV in cell culture 

involved constitutive expression of an RSV minigenome RNA that would be replicated and 
transcribed after subsequent infection with RSV. To test the feasibility of this protocol, the 
following experiment was performed. 

SR19/T7Pol/pac cells were transfected with pMP210, a cDNA of an RSV 

25 minigenome containing a negative-sense copy of the gene for green fluorescent protein 

(GFP), and 6-24 h later the cells were infected with 10 pfu of RSV. pMP210 was made from 
pC2Luc cDNA, which contains the luciferase gene substituted for the CAT gene in the 
above-described pC2CAT construct (Collins et al, Proc. Natl Acad. Sci. USA 93:81-85, 
1996). A PCR product containing the Green Lantern Protein gene (Life 

30 Technologies,Gaithesburg, MD) flanked by gene start (GS) and gene end (GE) signals was 
inserted into the BstXI site in the leader of pC2Luc, and the luciferase gene was deleted. In 
addition, a 5 1 hammerhead ribozyme preceded by a unique AvrU site (Altschuler et al., Gene 
122:85-90, 1992) was inserted just before the trailer sequence. The pC2 3' hammerhead 
ribozyme was replaced with a PCR product containing the antigenomic hepatitis delta virus 

35 ribozyme (Perrotta et al., Nature 350:434-436, 1991) followed by a unique Xhol site. 
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Under these conditions, no RSV-dependent GFP expression was observed. These 
negative results suggest that minigenome RNA has a very short half-life in uninfected BHK 
cells or is in some manner not accessible to or recognized by the incoming RSV replicase 
and/or transcriptase. Thus, a viable assay for detecting RSV infection using an RSV 
5 minigenome requires a strategy for stabilizing the minigenome RNA and/or making it 
replication competent. 

It has been shown that RSV N, P, and L proteins are necessary and sufficient for 
replication of RSV minigenomes and that expression of the N, P, and L proteins leads to 
transcription of RSV mRNA, although not necessarily full-length mRNA (Grosfeld et al., 

1 0 supra; Yu et al., supra. In addition, expression of only the N and P proteins leads to 

encapsidation of RNA minigenomes and this is increased 10 to 50-fold by the addition of the 
L protein (Atreya et al., J. Virol 72:1452-1461, 1998). Based on these results, the inventors 
investigated whether a minigenome expressed in the presence of the N, P, and L proteins 
would be accessible to transcription of reporter gene mRNA when the cells were subsequently 

15 infected with RSV. 

SR19/T7Pol/pac cells or SR19/pac cells were transfected with 1 \xg of pMP210LacZ, 
a /acZ-containing minigenome cDNA, with or without 0.2 \ig each of the T7 expression 
plasmids pTMl-N, pTMl-P,and pTMl-L described in Grosfeld et al., supra. pMP210LacZ 
was made by replacing the ORF of GFP in pMP2 10 with the ORF of lacZ using the unique 

20 Xbal and Xmal sites. Twenty hours after transfection the cells were trypsinized and plated in 
24 well dishes and six hours later infected with RSV (5 pfu/cell) or mock-infected. At 36 hrs 
after infection, the cells were lysed and assayed for (3-galactosidase as described above. The 
results, which are the mean of duplicate samples, are shown in Figure 3A. 

Significant induction of p-galactosidase activity by RSV infection was observed in 

25 cells expressing both T7 RNA polymerase and the RSV nucleocapsid proteins N, L and P. 
These cells are illustrated in Figure 7. Notably, p-galactosidase activity in the corresponding 
mock-infected cells was not significantly higher than p-galactosidase activity in mock- 
infected cells lacking T7 (background) or in mock-infected cells lacking N, L and P. 

To assess the relative requirement for each of the nucleocapsid proteins, various 

30 combinations of the N, L and P expression plasmids (0.2 \xg each) were cotransfected with the 
minigenome cDNA (pMP210LacZ at 1 \ig) into SR19/T7Pol/pac cells and the assay was 
carried out as above. The results, which are the mean of triplicate samples ± the standard 
deviation, are shown in Fig. 3B. RSV-induced p-galactosidase activity was significant only 
in the presence of all three nucleocapsid proteins. In addition, the amount of activity was 

35 unchanged when the assay was carried out after 10 passages of these minigenome-expressing 
cells. 
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When evaluated by histochemical staining as described in U.S. Patent 5,41 8,132, p- 
galactosidase-positive infected cells were observed only in the presence of the nucleocapsid 
proteins: a few stained infected cells per well were observed with N alone or with N plus P, 
while many stained infected cells were consistently observed when N, P, and L were all 
5 expressed (data not shown). Significantly, no stained cells were observed in the absence of 
RSV with or without the nucleocapsid proteins. The requirement for all three nucleocapsid 
proteins in this assay suggests that encapsidation and replication of the minigenome RNA are 
necessary for efficient reporter gene expression by the incoming RSV. In addition, the lack of 
p-galactosidase activity in mock-infected cells expressing all three nucleocapsid proteins 
10 indicates that detectable expression of P-galactosidase is dependent upon some factor(s) 
provided by RSV infection, probably the M2-1 protein. 

Example 4 

This example illustrates that the level of expression of the minigenome reporter gene 

15 is dependent on the input concentration of RSV. 

Approximately 2 x 10 6 SR19/T7Pol/pac cells in six 9.5 cm 2 wells were transfected 
with pMP210LacZ (1 |ig) and pTMl-N, P, and L (0.2 jig each). After 18 h the transfected 
cells were trypsinized, pooled and plated into all the wells of a 48-well plate. Six h later 
approximately 10 5 cells were either (A) infected with increasing volumes of a two-fold 

20 dilution of a stock RSV (titer 2 xlO 7 pfu/ml assayed on HEp2 cells) and P-galactosidase 
activity assayed 36 hr later or (B) infected with either 0.5 microliters (low multiplicity of 
infection; LMOI) or 25 microliters (high multiplicity of infection; HMOI) of the same stock 
virus and P-galactosidase activity assayed at the indicated times after infection. The results of 
the dose response assay are shown in Fig. 4A (expressed as the mean of triplicate samples ± 

25 the standard deviation) and the results of the time course assay are shown in Fig. 4B (the 
mean of duplicate samples). 

The assay exhibited a relatively linear dose-response for RSV over a range of greater 
than one logio (Figure 4A). The RSV-induced expression exhibited a plateau effect above an 
inoculum equivalent to a multiplicity of infection of approximately 0.6 pfu/cell (based on 

30 HEp2 cells). These results indicate that this assay could be used in place of a plaque assay to 
quantitate RSV stocks. 

When P-galactosidase in these minigenome-expressing cells was measured as a 
function of time after infection, p-galactosidase activity following a LMOI infection (0.2 
pfu/cell) reached the same level as that following a HMOI infection (10 pfu/cell), but with a 
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delay of approximately 48 h (Fig. 4B). This suggests that RSV replicates and spreads within 
these cell cultures and that the duration of an infectious cycle is approximately 48 h. 



Example 5 

5 This example illustrates that RSV-induced expression of the minigenome reporter 

gene is sensitive to ribavirin. 

Ribavirin inhibits in vitro replication of many RNA viruses including RSV (Sidwell 
et al., Pharmacol Ther 6:123-146, 1979). Depending on the assay used, the 50% effective 
dose (ED50) of ribavirin for RSV has been reported to be around 5 ng/ml (Chiba et al., Biol 

10 Pharm Bull 18:1081-1083, 1995). To determine if ribavirin affects the detection of RSV by a 
minigenome assay, SR19/T7Pol/pac cells were cotransfected with pMP210LacZ, pTMl-N, 
pTMl-P, and pTMl-L as described in Example 3 and then infected with RSV (5 pfu/cell) in 
the presence of 1, 5, 50 or 200 ng/ml of ribavirin. As shown in Fig. 5 A, (3-galactosidase 
activity was reduced to near background levels by as little as 1 ng/ml ribavirin (Fig. 5A). 

1 5 When this dose response experiment was repeated at subinhibitory concentrations between 0 
and 400 ng/ml ribavirin, the ED50 of ribavirin was determined to be less than 100 ng/ml (Fig. 
5B). 

Treatment of the cells with ribivarin (1 }ig/ml) from the time of trnasfection of the 
RSV cDNA plasmids until the time of RSV infection had no effect on RSV-dependent (3- 

20 galactosidase expression (data not shown). This suggests that under the conditions in which 
this assay was performed, ribavirin primarily affects RSV replication and transcription rather 
than the Sindbis replicon or T7 polymerase transcription and than any minigenome replication 
mediated by the RSV L protein occurring prior to replication of incoming RSV must be 
relatively insensitive to ribavirin. 

25 Example 6 

This example illustrates that RSV-induced P-galactosidase activity in minigenome- 
expressing cells is sensitive to neutralizing antibody to RSV. 

To demonstrate that the RSV-induced P-galactosidase activity in this system requires 
infectious virus, and can, therefore, be blocked by neutralizing antibody, we incubated RSV 

30 with different dilutions of a sample of pooled human gamma globulin. RSV is a highly 
prevalent human pathogen and most adults have been infected at least once (Collins et al., 
Respiratory Syncytial Virus, pp. 1313-1350 in Fields Virology, B. N. Fields, D. M. Knipe and 
P. M. Howley, eds., Lippencott-Raven, Philadelphia, 1996). Therefore, pooled human 
gamma globulin has significant neutralizing activity against RSV. The globulin-treated virus 

35 was used to infect SR19/T7Pol/pac cells that had previously been transfected with 
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pMP210LacZ and pTMl-N, pTMl-P, and pTMl-L. As shown in Figure 6, (3-galactosidase 
activity was inversely proportional to the amount of dilution of the gamma globulin sample. 

Example 7 

5 This example illustrates the specificity of RSV minigenome-expressing cells in 

detecting RSV in patient samples. 

SR19/T7Pol/pac cells that had previously been transfected with pMP210LacZ and 

pTMl-N, pTMl-P, andpTMl-L were incubated with two patient specimens, previously 

determined to contain RSV, or with patient specimens known to contain influenza A, 
10 influenza B, and parainfluenza types 1 and 2. Induction of (3-galactosidase activity was 

determined by histochemical staining. 

Incubation with the RS V-containing specimens produced significant [3-galactosidase, 

while specimens containing the other negative-stranded viruses did not induce any positively 

stained cells (data not shown). Thus, the assay is specific for RSV. 
15 The sensitivity of this assay can be enhanced by increasing the time of infection 

before assaying for (i-galactosidase activity. At 36 h after infection, 3000 pfu could be 

detected; at 5 days after infection even an inoculum of less than 10 pfii gave a reading 

several-fold above background. 

In view of the above, it will be seen that the several advantages of the 
20 invention are achieved and other advantageous results attained. 

As various changes could be made in the above methods and compositions 

without departing from the scope of the invention, it is intended that all matter 

contained in the above description and shown in the accompanying drawings shall be 

interpreted as illustrative and not in a limiting sense. 
25 All references cited in this specification, including patents and patent applications, are 

hereby incorporated by reference. The discussion of references herein is intended merely to 

summarize the assertions made by their authors and no admission is made that any reference 

constitutes prior art. Applicants reserve the right to challenge the accuracy and pertinency of 

the cited references. 
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What is Claimed is: 



1 . A genetically engineered cell for detecting a negative-strand RNA virus, the 
cell comprising: 

a polynucleotide encoding a DNA-dependent RNA polymerase; 

a cDNA comprising a minigenome and a miniantigenome of the negative-strand 
5 RNA virus operably linked to a promoter for the DNA-dependent RNA polymerase, 
wherein the miniantigenome comprises a nucleotide sequence encoding a reporter 
gene product, and wherein expression of the reporter gene product is dependent upon 
the presence of the negative-strand RNA virus; and 

one or more nucleotide sequences encoding each of the nucleocapsid proteins of 
1 0 the negative-strand RNA virus which are necessary and sufficient for replication of 
minigenome RNA or miniantigenome RNA synthesized by the DNA-dependent RNA 
polymerase. 

2. The genetically engineered cell of claim 1, wherein the DNA-dependent RNA 
polymerase is T7 RNA polymerase, T3 RNA polymerase or SP6 RNA polymerase. 

3. The genetically engineered cell of claim 2, wherein the polynucleotide is 
integrated into the nucleus and comprises a polymerase II promoter operably linked to 
a nucleotide sequence encoding the DNA-dependent RNA polymerase. 

4. The genetically engineered cell of claim 2, wherein the polynucleotide 
comprises a noncytopathic positive-strand virus replicon. 

5. The genetically engineered cell of claim 4, wherein the noncytopathic 
positive-strand virus replicon comprises a noncytopathic flavivirus replicon, a 
noncytopathic alphavirus replicon, a noncytopathic nodavirus replicon, a 
noncytopathic coronavirus replicon, or a noncytopathic astrovirus replicon. 

6. The genetically engineered cell of claim 5, wherein the negative-strand RNA 
virus is an orthomyxovirus, a paramyxovirus, a rhabdovirus, a filovirus, a bornavirus 
or a bunyavirus. 

7. The genetically engineered cell line of claim 6, wherein the negative-strand 
RNA virus is selected from the group consisting of: human parainfluenza virus type 1, 
human parainfluenza virus type 2, human parainfluenza virus type 3, human 
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parainfluenza virus type 4, human influenza virus, human respiratory syncytial virus 
(RSV), measles virus, mumps virus, rabies virus, ebola virus and hanta virus. 

8. The genetically engineered cell line of claim 7, wherein the reporter gene 
product is p-galactosidase, chloramphenical acetyl transferase, luciferase, alkaline 
phosphatase, green fluorescent protein or (^-glucuronidase. 

9. The genetically engineered cell line of claim 8, wherein the negative-strand RNA 
virus is RSV, the DNA-dependent RNA polymerase is T7 RNA polymerase, the reporter gene 
product is P-galactosidase, and the nucleocapsid proteins necessary and sufficient for 
replication of the minigenome are the RSV proteins N, P and L which are encoded by three 
T7 expression plasmids. 

10. A method for detecting a negative-strand RNA virus in a sample, the method 
comprising: 

(a) providing a genetically engineered cell which comprises 

a polynucleotide encoding a DNA-dependent RNA polymerase; 
a cDNA comprising a minigenome and a miniantigenome of the negative-strand RNA 
virus operably linked to a promoter for the DNA-dependent RNA polymerase, wherein 
the miniantigenome comprises a nucleotide sequence encoding a reporter gene product, 
and wherein expression of the reporter gene product is dependent upon the presence of 
the negative-strand RNA virus; and 

one or more nucleotide sequences encoding each of the nucleocapsid proteins 
of the negative-strand RNA virus which are necessary and sufficient for replication 
of minigenome RNA or miniantigenome RNA synthesized by the DNA-dependent 
RNA polymerase; 

(b) culturing the cell for a time sufficient to synthesize the minigenome RNA or 
the miniantigenome RNA and to express the nucleocapsid proteins; 

(c) incubating the cell with the sample; and 

(d) detecting expression of the reporter gene product. 

11. The method of claim 10, wherein the DNA-dependent RNA polymerase is T7 
RNA polymerase, T3 RNA polymerase or SP6 RNA polymerase. 

12. The method of claim 11, wherein the polynucleotide is integrated into the 
nucleus and comprises a polymerase II promoter capable of causing transcription of 
the polynucleotide. 

13. The method of claim 11, wherein the polynucleotide comprises a transcript of 
a noncytopathic positive-strand virus replicon. 



WO 02/08447 



9 



PCT7IL01/00669 



catgcggctt cgccgacctc atgggataca 
ctgccagggc cctggcgcat ggcgtcaggg 
ggaaccttcc cggttgctct ttctctatct 
tcccagcttc cgcttatgaa gtgcgcaacg 
gctccaactc aagcattgtg tatgaggcag 
taccctgcgt tcgggagaac aactcttccc 
cggccaggaa cctcagcgtc cccaccacga 
gggcggctgc tttctgctcc gctatgtacg 
tctcccagct gttcaccctc tcgcctcgcc 
cactttatcc cggccacgta acaggtcacc 
cgcctacaac agccctagtg ttatcgcaga 
tggtggcggg ggcccactgg ggagtcctgg 
actgggctaa ggttttggtt gtgatgctac 
tgatgggggg gtcgcaagcc tctaccatca 
cgaaacagaa gattcagctc ataaacacca 
tgaactgcaa tgactccctc aacactgggt 
tcaactcgtc cggatgccta gagcgtatgg 
aggggtgggg tcccattact tatgatgaag 
ggcactacgc accccggtcg tgcggtattg 
attgtttcac cccaagccct gtcgtggtgg 
atagatgggg ggagaatgag acggacgtgc 
gcaactggtt cggctgcaca tggatgaata 
ccccatgtaa catcgggggg gctggtaaca 
ggaaacaccc cgaggctact tacaccaaat 
gcatggttga ctacccatac aggccttggc 
tcaaggttag gatgtatgtg gggggcgtag 
ct cgaggaga gcgttgtgac ttggaggaca 
tgtctacgac agagtggcag atactgcctt 
ctggcttgat ccacctccat cagaacatcg 
cagtggttgt ctccctcgtg atcaaatggg 
cggacgcgcg cgtctgtgcc tgtttgtgga 
ccttagagaa cctggtggtc ctcaatgcgg 
ccttccttgt gttcttctgt gctgcctggt 
catatgcttt ttacggcgtg tggccgctgc 
cgtacgctat ggaccgggag atggctgcat 
tactcct'gac cctgtcacca cactataaag 
agtactttac caccagagcc gaggcaattt 
gagggggccg tgatgccgtc attctcctca 
acatcaccaa actcttgctc gctgtgctcg 
caagggtgcc atacttcgtg cgcgcccaag 
aggtcgctgg gggtcattat atccaaatgg 
cgtatcttta cgaccatctt actccactgc 
ttgcggtagc agtcgagcct gtcgtctttt 
gggcagacac cgcagcgtgt ggggacatca 
ggagggagat acttttggga ccagccgata 
cgcctattac ggcctactcc cagcagacgc 
tcacaggtcg ggacaagaac caggtcgagg 
agtctttcct agcgacctgc gtcaacggcg 
caaaaacctt agccggtcca aaggggccaa 



ttccgctcgt 


cggcgccccc 


ttagggggcg 


780 


ttctggagga 


cggcgtgaac 


tatgcaacag 


840 


tcctcttggc 


tttgctgtct 


tgtttgacca 


900 


cgtccggggt 


gtaccatgtt 


acgaacgact 


960 


cggacataat 


catgcacacc 


cccggatgcg 


1020 


gctgctgggt 


agcgctcact 


cccacgctcg 


1080 


caatacgacg 


ccatgtcgat 


ttgctcgttg 


1140 


tgggggatct 


ttgcggat cc 


gttctactcg 


1200 


agcatgagac 


agtacaagat 


tgcaattgct 


1260 


gcatggcttg 


ggatatgatg 


atgaattggt 


1320 


tactccggat 


cccacaaact 


atcgtggaca 


1380 


cgggcattgc 


ctactattcc 


atggtgggga 


1440 


tctttgctgg 


cgttgacggg 


cacacccaag 


1500 


acacgctcac 


gggaattttc 


tcccccgggg 


1560 


acggcagttg 


gcacatcaac 


aggactgccc 


1620 


tccttgccgc 


gctgttctac 


acccacagct 


1680 


ccagctgccg 


ccccattgac 


aagttcgatc 


1740 


gccccgattt 


agaccagagg 


ccctattgct 


1800 


tgcccgcgtc 


gcaggtgtgt 


ggcccagtgt 


1860 


ggacgaccga 


tcgtaccggt 


gcccccacgt 


1920 


tgatcctcaa 


caacacgcgg 


ccgccgcagg 


1980 


gcactgggtt 


caccaagaca 


tgcgggggcc 


2040 


acaccttggt 


ctgccccacg 


gactgcttcc 


2100 


gcggttcggg 


accctggttg 


acacctaggt 


2160 


actacccctg 


tactgtcaac 


tttaccattt 


2220 


agcacaggct 


caacgctgca 


cgcaactgga 


2280 


gggatagatc 


agagcttagc 


ccgctgctgc 


2340 


gctccttcac 


cactctaccg 


gctctgtcca 


2400 


tggacgtgca 


gtatctgtac 


ggtatagggt 


2460 


agtatgtctt 


gctgtccttc 


ttcctcctgg 


2520 


tgatgctgct 


gatagcccag 


gctgaggccg 


2580 


cgtccgtggc 


cggagcgcat 


ggcatcctca 


2640 


acatcaaggg 


caggctggtc 


cctggggcgg 


2700 


tcctgctctt 


gctggcgctg 


ccaccacgag 


2760 


cgtgcggagg 


cgcggttttc 


ataggtctgg 


2820 


tgttccttgc 


taggctcata 


tggtggttgc 


2880 


tgcacgtgtg 


ggtcccccct 


ctcaacgtcc 


2940 


cgtgcgcggt 


ccacccagac 


ctaatctttg 


3000 


gtccgctcat 


ggtgtttctg 


gccggcataa 


3060 


gcctcattcg 


tgcgtgcgcg 


ttagcgcgga 


3120 


ctctcatgaa 


gctggccgcg 


ctgacaggca 


3180 


gggactgggc 


ccatgcgggc 


ctgcgagacc 


3240 


ctgacatgga 


gaccaagatc 


atcacctggg 


3300 


tcctgggtct 


gcctgtctcc 


gctcgaaggg 


3360 


gtcttgaagg 


gcaggggtgg 


cgactccttg 


3420 


ggggcctact 


tggctgcatc 


atcactagtc 


3480 


gggaggttca 


agtggtttcc 


accgcaacac 


3540 


tgtgttggac 


tgtcttccat 


ggtgccggct 


3600 


ttactcaaat 


gtacaccaac 


gtggaccagg 


3660 
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acctcgtcgg ctggcaggcg ccccccgggg 
gctcggacct ttacctggtc acgaggcacg 
acaacagagg gagcctactc tcccccaggc 
gtccactcct ctgcccctcg gggcatgccg 
ggggggttgc gaaggcggtg gactttatac 
ccccggtctt cacagacaat tcatcccccc 
atctacacgc tcccactggc agcggtaaga 
aagggtacaa ggtacttgtc ctgaacccgt 
atatgtctaa ggcatatggt gtcgatccta 
cgggcgcccc catcacgtac tccacttacg 
ggggagccta cgacatcata atgtgtgatg 
tgggcatcgg cacagtcctg gaccaagcgg 
ccaccgctac gcctccggga tcggtcaccg 
tatccaacac tggagagatc cccttctatg 
gggggaggca tctcattttc tgccattcca 
tgtcgggcct cggacttaac gctgtagcgt 
caactagcgg agacgtcgtt gtcgtggcaa 
attccgactc agtgatcgac tgtaatacat 
accctacctt caccattgag acgacgaccg 
ggcgaggcag gactggtagg ggtagggggg 
ggccctcggg catgttcgat tcttcggtcc 
ggtacgagct cacgcccgcc gagacctcag 
ggttacccgt ctgccaggac catctggagt 
acatagacgc ccacttcttg tctcagacta 
tagcgtacca ggctacagtg tgcgccagag 
tgtggaagtc tctcatacgg ctaaagccta 
ggctagggac cgtccaaagc gagattaccc 
catgcatgtc ggctgacctg gaggtcgtca 
tcgcagccct ggccgcgtac tgcttgacaa 
tcttgtccgg gaagcctgct gttattcccg 
agatggagga gtgcgcctca cacctccctt 
agttcaaaca aaaggcgctt gggctgctgc 
ctcccgtggt ggagtccaag tggcgggccc 
acttcatcag cggaatacag tacctggcag 
tagcatcact gatggcattt acagcctcta 
tcctgtttaa catcttgggg ggatgggtgg 
cggctttcgt aggtgccggc atcgctggtg 
tgctcgttga cgtcctggcg ggttatggag 
aggttatgag tggcgaggtg ccctccaccg 
tctctcctgg tgccctggtc gtcggggtcg 
gcccaggaga gggggctgtg cagtggatga 
accatgtttc ccccacgcac tatgtgcctg 
tcctctccag cctcaccgtc acccaactgt 
attgctccac gccgtgctcc ggttcctggc 
tgctgactga cttcaagacc tggctccaat 
cctttttctc gtgtcaacgc gggtacaggg 
ccacctgccc atgtggagca caaatctctg 
ttgggcctag atcctgcagc aacacgtggc 
cgggcccctg cacgcgcgcc ccggcgccaa 



cgcgttcctt 


gacaccatgc 


acctgcggca 


3720 


ctgacgtcat 


tccggtgcgc 


cggcggggcg 


3780 


ccgtctccta 


cttaaagggc 


tcttcgggtg 


3840 


taggcatctt 


ccgggccgcc 


gtatgcaccc 


3900 


ccgttgagtc 


tatggagact 


accatgcggt 


3960 


cggccgtacc 


gcagacattc 


caagtggctc 


4020 


gcactaaggt 


gccggctgcg 


tatgcagccc 


4080 


ccgtggccgc 


taccttaggg 


ttcggaacgt 


4140 


acatcagaac 


cggggtaagg 


accatcacca 


4200 


gcaagtttct 


tgccgacggt 


ggttgctccg 


4260 


aatgccactc 


aactgactca 


actactgtct 


4320 


agacggctgg 


agcgcggctt 


gtcgtgctcg 


4380 


tgccacatcc 


caatattgag 


gagatcgctc 


4440 


gcaaagccat 


ccccattgag 


accatcaagg 


4500 


agaagaaatg 


tgacgagctc 


gctgcaaagt 


4560 


attaccgggg 


ccttgatgtg 


tccgttatac 


4620 


cagacgctct 


aatgacgggc 


tttaccggcg 


4680 


gtgtcaccca 


gacagttgat 


ttcagcttgg 


4740 


tgccccaaga 


cgcggtgtcg 


cgctcgcagc 


4800 


gcatctacag 


gtttgtgact 


ccaggagaac 


4860 


tgtgtgagtg 


ctatgacgcg 


ggctgtgctt 


4920 


ttaggttgcg 


ggcttacctg 


aatacaccag 


4980 


tctgggagag 


tgtcttcaca 


ggcctcaccc 


5040 


agcaggcagg 


agacaacttc 


ccctacctgg 


5100 


cgcaggctcc 


acctccatca 


tgggatcaaa 


5160 


cactgcacgg 


gccaacaccc 


ctgctatata 


5220 


tcacacaccc 


agtgacaaaa 


tacatcatgg 


5280 


cgagcacctg 


ggtgctagtg 


agcggagtcc 


5340 


caggcagcgt 


ggtcattgtg 


ggcaggatca 


5400 


acagggaagt 


tctttaccgg 


gagttcgatg 


5460 


acatcgaaca 


ggggatgcag 


ctcgctgagc 


5520 


aaacggccac 


caagcaagcg 


gaggctgctg 


5580 


ttgaggcctt 


ttgggcgaag 


cacatgtgga 


5640 


gcttgtccac 


tctgcatggc 


aatcccgcaa 


5700 


tcaccagccc 


gctcaccacc 


caacacaccc 


5760 


ccgcccaact 


tgctccccct 


agtgctgctt 


5820 


cagccgtcgg 


cagcataggt 


ctcgggaagg 


5880 


caggcgtggc 


aggcgcactt 


gtggccttta 


5940 


aggacctggt 


caatttgctc 


cctgccgtcc 


6000 


tgtgcgcagc 


aatactgcgt 


cggcacgtgg 


6060 


accggctgat 


agcgttcgct 


tcgcggggta 


6120 


aaagcgacgc 


cgcagcacgt 


gtcactcaaa 


6180 


tgaggaggct 


ccaccaatgg 


attaatgagg 


6240 


tgagagatgt 


ttgggactgg 


atatgtacgg 


6300 


ccaaactcct 


gccgcggtta 


ccaggagtcc 


6360 


gagtctggcg 


gggagacggc 


atcatgcaga 


6420 


gacatgtcaa 


aaatggttcc 


atgaggatcg 


6480 


atggaacatt 


ccccattaat 


gcgtacacca 


6540 


actactccag 


ggcactgtgg 


cgggtggctg 


6600 
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ctgaggagta cgtggaggtc acgcgggtgg gggatttcca ctacgtgaca ggcatgacca 6660 
ctgacaacgt aaagtgccca tgtcaggttc cagcccccga attcttcaca gaggtggatg 6720 
gagtgcggct gcacaggtac gctccggcgt gcaaacccct cctacgggag gaggtcacat 6780 
tccaggtcgg gctcaaccag tacttggttg ggtcacagct cccgtgtgag cccgagccgg 6840 
acgtagcagt gctcacctcc atgcttaccg atccttctca catcacagca gagacggcta 6900 
agcgtaggct ggataggggg tctcccccct ccttggccag ttcttcagcc agccagttat 6960 
ctgcgccttc tttgaaggcg acttgcacta cccgtcacga ctccccagac gccggcctca 7020 
ttgaggccaa tctcctgtgg cggcaggaga tgggcgggaa catcactcgc gtggagtcag 7080 
agaacaaggt agtgattctg gactctttcg agccgcttcg agcggaagag gatgagaggg 7140 
aagtatccgt tccggcggaa atcctgcgaa aatccaggaa attccccaga gcgatgccca 7200 
tatgggcacg cccggattac aatcctccac tgctagagtc ctggaagaac ccggactacg 7260 
tccctccggt ggtacacggg tgcccattgc cgcccatcaa gggcccccca ataccacccc 7320 
cacggagaaa gaggacggtt gtcctaacag aatccaccgt gtcttctgcc ttggcggagc 7380 
tcgccacaaa gaccttcggc agctccggat catcggctgt cgacagcggt acagcgagcg 7440 
ccccccctga ccagccctct gacaacggcg acgcgggatc cgacgctgag tcgtactcct 7500 
ccatgccccc ccttgaaggg gagccggggg accccgatct cagcgacggg tcttggtcta 7560 
ccgtgagcga ggaggccagt gaggacgtcg tctgctgctc gatgtcctac acgtggacag 7620 
gcgctctgat cacaccatgc gctgcggagg agagcaaatt acccatcaat gcgctgagca 7680 
actccttgct gcgtcaccac aacatggtct atgccacaac atcccgcagt gccagtcagc 7740 
gacagaagaa ggttaccttt gacagactgc aagtcctgga cgaccactac cgggacgtgc 7800 
ttaaggagat gaaggcgaag gcgtccacag tcaaggccaa gcttctatcc gtagaagaag 7860 
cctgtaagct gacgccccca cactcggcca aatccaaatt tggctacggg gcaaaggacg 7920 
tccggaacct gtccagcaag gccgttaacc acatccgctc cgtgtggaag gacttgctgg 7980 
aagacactga gacaccaata gacaccacca tcatggcaaa gaacgaggtc ttctgcgtcc 8040 
agccagagaa gggaggccgc aagccagctc gccttatcgt gttcccggat ttgggggtcc 8100 
gtgtgtgcga gaaaatggcc ctttacgacg tggtctccac cctccctcag gccgtgatgg 8160 
gctcctcata cggattccag tactctcctg gacagcgggt cgagttcctg gtgaatgcct 8220 
ggaaatcaaa gaaaagcccc atgggcttcg catatgacac ccgctgtttt gactcaacgg B280 
tcactgagag tgacatccgt gttgaggagt caatttacca atgttgtgac ttagtccccg 8340 
aagctagaca ggccataagg tcgctcacag agcgacttta tgtcgggggt cctctgacta 8400 
attcaaaagg gcagaactgc ggttatcgcc ggtgccgcgc gagcggcgtg ctgacgacta 8460 
gctgcggtaa cacccttaca tgttacttga aggcctctgc agcctgtcga gctgcaaagc 8520 
tccaggactg cacgatgctc gtgtgcggag acgaccttgt cgttatctgt gaaagcgcgg 8580 
gaacccaaga ggacgcggcg agcctacgag tctttacgga ggctatgact aggtattccg 8640 
ccccccccgg ggacccgccc caaccagaat acgacttgga gctgataaca tcgtgctcct 8700 
ccaatgtgtc ggtcgctcac gatgcatctg gcaaaagagt gtactacctc acccgtgacc 8760 
ccaccacccc ccttgcgcgg gctgcgtggg agacagctag acacactcca gtcaactcct 8820 
ggctaggcaa catcattatg tacgcaccca ctttgtgggc aaggatgatt ctgatgactc 8880 
acttcttctc catcctccta gcccaggagc aacttgaaaa agccctagat tgtcaaatct 8940 
acggggccta ctactccatt gagccacttg acctacctca gatcattgaa cgactccacg 9000 
gtcttagcgc attttcgctc catagttact ctccaggcga gatcaatagg gtggcttcat 9060 
gcctcagaaa acttggggta ccacccttgc gagcctggag acatcgggcc aggagtgtcc 9120 
gcgctaagct gctgtctcag gggggaaggg ccgccacttg tggcaaatac ctcttcaact 9180 
gggcagtaaa gaccaagctc aaactcactc caattccggc tgcgtcccag ttggacttgt 9240 
ccggctggtt cgttgctggc tacggcgggg gagacatata tcacagcctg tctcgcgccc 9300 
gaccccgctg gttcatgttg tgcctacccc tactctctgt aggggtaggc atcaacctgc 9360 
tccccaaccg gtgaatgggg agctaaacac tccaggccaa taggccaacc tgtttttttt 9420 
tttttttttt ttttttttcc tttttttttt tttttttttt tttttttttt ttttcctttt 9480 
tttctttttt tttttttttt tccttccttt tggtggctcc atcttagccc tagtcacggc 9540 
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tagctgtgaa aggtccgtga gccgcatgac tgcagagagt gctgatactg gcctctctgc 960O 
agatcatgt 9609 



<210> 34 
<211> 3010 
<212> PRT 

<213> Hepatitis C virus 
<400> 34 

Met Ser Thr lie Pro Lys Pro Gin Arg Lys Thr I>ys Arg Asn Thr Tyr 
1 5 10 15 

Arg Arg Pro Gin Asp Val Lys Phe Pro Gly Gly Gly Gin lie Val Gly 
20 25 30 

Gly Val Tyr Leu Leu Pro Arg Arg Gly Pro Arg Leu Gly Val Arg Ala 
35 40 .45 

Thr Arg Lys Thr Ser Glu Arg Ser Gin Pro Arg Gly Arg Arg Gin Pro 
50 55 60 

lie Pro Lys Ala Arg Arg Pro Glu Gly Trp Ala Trp Ala Gin Pro Gly 
65 70 75 80 

Tyr Pro Trp Pro Leu Tyr Gly Asn Glu Gly Leu Gly Trp Ala Gly Trp 
85 90 95 

Leu Leu Ser Pro Arg Gly Ser Arg Pro Ser Trp Gly Pro lie Asp Pro 
100 105 110 

Arg Arg Arg Ser Arg Asn Leu Gly Lys Val lie Asp Thr Leu Thr Cys 
115 120 125 

Gly Phe Ala Asp Leu Met Gly Tyr lie Pro Leu Val Gly Ala Pro Leu 
130 135 140 

Gly Gly Ala Ala Arg Ala Leu Ala His Gly Val Arg Val Leu Glu Asp 
145 150 155 160 

Gly Val Asn Tyr Ala Thr Gly Asn Leu Pro Gly Cys Ser Phe Ser lie 
165 170 175 

Phe Leu Leu Ala Leu Leu Ser Cys Leu Thr lie Pro Ala Ser Ala Tyr 
180 185 190 



Glu Val Arg Asn Ala Ser Gly Val Tyr His Val Thr Asn Asp Cys Ser 
195 200 205 
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Asn Ser Ser lie Val Tyr Glu Ala Ala Asp He He Met His Thr Pro 
210 215 220 

Gly Cys Val Pro Cys Val Arg Glu Asn Asn Ser Ser Arg Cys Trp Val 
225 230 235 240 

Ala Leu Thr Pro Thr Leu Ala Ala Arg Asn Leu Ser Val Pro Thr Thr 
245 250 255 

Thr He Arg Arg His Val Asp Leu Leu Val Gly Ala Ala Ala Phe Cys 
260 265 270 

Ser Ala Met Tyr Val Gly Asp Leu Cys Gly Ser Val Leu Leu Val Ser 
275 280 285 

Gin Leu Phe Thr Leu Ser Pro Arg Gin His Glu Thr Val Gin Asp Cys 
290 295 300 

Asn Cys Ser Leu Tyr Pro Gly His Val Thr Gly His Arg Met Ala Trp 
305 310 315 320 

Asp Met Met Met Asn Trp Ser Pro Thr Thr Ala Leu Val Leu Ser Gin 
325 330 335 

He Leu Arg He Pro Gin Thr He Val Asp Met Val Ala Gly Ala His 
340 345 350 

Trp Gly Val Leu Ala Gly He Ala Tyr Tyr Ser Met Val Gly Asn Trp 
355 360 365 

Ala Lys Val Leu Val Val Met Leu Leu Phe Ala Gly Val Asp Gly His 
370 375 380 

Thr Gin Val Met Gly Gly Ser Gin Ala Ser Thr He Asn Thr Leu Thr 
385 390 395 400 

Gly He Phe Ser Pro Gly Ala Lys Gin Lys He Gin Leu He Asn Thr 
405 410 415 

Asn Gly Ser Trp His He Asn Arg Thr Ala Leu Asn Cys Asn Asp Ser 
420 425 430 



Leu Asn Thr Gly Phe Leu Ala Ala Leu Phe Tyr Thr His Ser Phe Asn 
435 440 445 



Ser Ser Gly Cys Leu Glu Arg Met Ala Ser Cys Arg Pro He Asp Lys 
450 455 460 
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Phe Asp Gin Gly Trp Gly Pro He Thr Tyr Asp Glu Gly Pro Asp Leu 
465 470 475 480 

Asp Gin Arg Pro Tyr Cys Trp His Tyr Ala Pro Arg Ser Cys Gly He 
485 490 495 

Val Pro Ala Ser Gin Val Cys Gly Pro Val Tyr Cys Phe Thr Pro Ser 
500 505 510 

Pro Val Val Val Gly Thr Thr Asp Arg Thr Gly Ala Pro Thr Tyr Arg 
515 520 525 

Trp Gly Glu Asn Glu Thr Asp Val Leu He Leu Asn Asn Thr Arg Pro 
530 535 540 

Pro Gin Gly Asn Trp Phe Gly Cys Thr Trp Met Asn Ser Thr Gly Phe 
545 550 555 560 

Thr Lys Thr Cys Gly Gly Pro Pro Cys Asn He Gly Gly Ala Gly Asn 
5 65 570 575 

Asn Thr Leu Val Cys Pro Thr Asp Cys Phe Arg Lys His Pro Glu Ala 
580 585 590 

Thr Tyr Thr Lys Cys Gly Ser Gly Pro Trp Leu Thr Pro Arg Cys Met 
595 600 605 

Val Asp Tyr Pro Tyr Arg Pro Trp His Tyr Pro Cys Thr Val Asn Phe 
610 615 620 

Thr He Phe Lys Val Arg Met Tyr Val Gly Gly Val Glu His Arg Leu 
625 630 635 640 

Asn Ala Ala Arg Asn Trp Thr Arg Gly Glu Arg Cys Asp Leu Glu Asp 
645 650 655 

Arg Asp Arg Ser Glu Leu Ser Pro Leu Leu Leu Ser Thr Thr Glu Trp 
660 665 670 

Gin He Leu Pro Cys Ser Phe Thr Thr Leu Pro Ala Leu Ser Thr Gly 
675 680 685 



Leu He His Leu His Gin Asn He Val Asp Val Gin Tyr Leu Tyr Gly 
690 695 700 



He Gly Ser Val Val Val Ser Leu Val He Lys. Trp Glu Tyr Val Leu 
705 710 715 720 
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Leu Ser Phe Phe Leu Leu Ala Asp Ala Arg Val Cys Ala Cys Leu Trp 
725 730 735 

Met Met Leu Leu He Ala Gin Ala Glu Ala Ala Leu Glu Asn Leu Val 
740 745 750 

Val Leu Asn Ala Ala Ser Val Ala Gly Ala His Gly He Leu Thr Phe 
755 760 765 

Leu Val Phe Phe Cys Ala Ala Trp Tyr He Lys Gly Arg Leu Val Pro 
770 775 780 

Gly Ala Ala Tyr Ala Phe Tyr Gly Val Trp Pro Leu Leu Leu Leu Leu 
785 790 795 800 

Leu Ala Leu Pro Pro Arg Ala Tyr Ala Met Asp Arg Glu Met Ala Ala 
805 810 815 

Ser Cys Gly Gly Ala Val Phe He Gly Leu Val Leu Leu Thr Leu Ser 
820 825 830 

Pro His Tyr Lys Val Phe Leu Ala Arg Leu He Trp Trp Leu Gin Tyr 
835 840 845 

Phe Thr Thr Arg Ala Glu Ala He Leu His Val Trp Val Pro Pro Leu 
850 855 860 

Asn Val Arg Gly Gly Arg Asp Ala Val He Leu Leu Thr Cys Ala Val 
865 870 875 880 

His Pro Asp Leu He Phe Asp He Thr Lys Leu Leu Leu Ala Val Leu 
885 890 895 

Gly Pro Leu Met Val Phe Leu Ala Gly He Thr Arg Val Pro Tyr Phe 
900 905 910 

Val Arg Ala Gin Gly Leu He Arg Ala Cys Ala Leu Ala Arg Lys Val 
915 920 925 

Ala- Gly Gly His Tyr He Gin Met Ala Leu Met Lys Leu Ala Ala Leu 
930 935 940 

Thr Gly Thr Tyr Leu Tyr Asp His Leu Thr Pro Leu Arg Asp Trp Ala 
945 950 955 960 



His Ala Gly Leu Arg Asp Leu Ala Val Ala Val Glu Pro Val Val Phe 
965 970 975 
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Ser Asp Met Glu Thr Lys lie He Thr Trp Gly Ala Asp Thr Ala Ala 
980 985 990 

Cys Gly Asp He He Leu Gly Leu Pro Val Ser Ala Arg Arg Gly Arg 
995 1000 1005 

Glu He Leu Leu Gly Pro Ala Asp Ser Leu Glu Gly Gin Gly Trp Arg 
1010 1015 1020 

Leu Leu Ala Pro He Thr Ala Tyr Ser Gin Gin Thr Arg Gly Leu Leu 
1025 1030 1035 1040 

Gly Cys He He Thr Ser Leu Thr Gly Arg Asp Lys Asn Gin Val Glu 
1045 1050 1055 

Gly Glu Val Gin Val Val Ser Thr Ala Thr Gin Ser Phe Leu Ala Thr 
1060 1065 1070 

Cys Val Asn Gly Val Cys Trp Thr Val Phe His Gly Ala Gly Ser Lys 
1075 1080 1085 

Thr Leu Ala Gly Pro Lys Gly Pro He Thr Gin Met Tyr Thr Asn Val 
1090 1095 1100 

Asp Gin Asp Leu Val Gly Trp Gin Ala Pro Pro Gly Ala Arg Ser Leu 
1105 1110 1115 1120 

Thr Pro Cys Thr Cys Gly Ser Ser Asp Leu Tyr Leu Val Thr Arg His 
1125 1130 1135 

Ala Asp Val He Pro Val Arg Arg Arg Gly Asp Asn Arg Gly Ser Leu 
1140 1145 1150 

Leu Ser Pro Arg Pro Val Ser Tyr Leu Lys Gly Ser Ser Gly Gly Pro 
1155 1160 1165 

Leu Leu Cys Pro Ser Gly His Ala Val Gly He Phe Arg Ala Ala Val 
1170 1175 H80 

Cys Thr Arg Gly Val Ala Lys Ala Val Asp Phe He Pro Val Glu Ser 
1185 1190 1195 1200 

Met Glu Thr Thr Met Arg Ser Pro Val Phe Thr Asp Asn Ser Ser Pro 
1205 1210 1215 



Pro Ala Val Pro Gin Thr Phe Gin Val Ala His Leu His Ala Pro Thr 
1220 1225 1230 
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Gly Ser Gly Lys Ser Thr Lys Val Pro Ala Ala Tyr Ala Ala Gin Gly 
1235 1240 1245 

Tyr Lys Val Leu Val Leu Asn Pro Ser Val Ala Ala Thr Leu Gly Phe 
1250 1255 1260 

Gly Thr Tyr Met Ser Lys Ala Tyr Gly Val Asp Pro Asn He Arg Thr 
1265 1270 1275 1280 

Gly Val Arg Thr He Thr Thr Gly Ala Pro lie Thr Tyr Ser Thr Tyr 
1285 1290 1295 

Gly Lys Phe Leu Ala Asp Gly Gly Cys Ser Gly Gly Ala Tyr Asp He 
1300 1305 1310 

lie Met Cys Asp Glu Cys His Ser Thr Asp Ser Thr Thr Val Leu Gly 
1315 1320 1325 

He Gly Thr Val Leu Asp Gin Ala Glu Thr Ala Gly Ala Arg Leu Val 
1330 1335 1340 

Val Leu Ala Thr Ala Thr Pro Pro Gly Ser Val Thr Val Pro His Pro 
1345 1350 1355 1360 

Asn He Glu Glu He Ala Leu Ser Asn Thr Gly Glu lie Pro Phe Tyr 
1365 1370 1375 

Gly Lys Ala He Pro He Glu Thr He Lys Gly Gly Arg His Leu He 
1380 1385 1390 

Phe Cys His Ser Lys Lys Lys Cys Asp Glu Leu Ala Ala Lys Leu Ser 
1395 1400 1405 

Gly Leu Gly Leu Asn Ala Val Ala Tyr Tyr Arg Gly Leu Asp Val Ser 
1410 1415 1420 

Val lie Pro Thr Ser Gly Asp Val Val Val Val Ala Thr Asp Ala Leu 
1425 1430 1435 1440 

Met Thr Gly Phe Thr Gly Asp Ser Asp Ser Val He Asp Cys Asn. Thr 
1445 1450 1455 

Cys Val Thr Gin Thr Val Asp Phe Ser Leu Asp Pro Thr Phe Thr He 
1460 1465 1470 



Glu Thr Thr Thr Val Pro Gin Asp Ala Val Ser Arg Ser Gin Arg Arg 
1475 1480 1485 
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Gly Arg Thr Gly Arg Gly Arg Gly Gly lie Tyr Arg Phe Val Thr Pro 
1490 1495 1500 

Gly Glu Arg Pro Ser Gly Met Phe Asp Ser Ser Val Leu Cys Glu Cys 
1505 1510 1515 1520 

Tyr Asp Ala Gly Cys Ala Trp Tyr Glu Leu Thr Pro Ala Glu Thr Ser 
1525 1530 1535 

Val Arg Leu Arg Ala Tyr Leu Asn Thr Pro Gly Leu Pro Val Cys Gin 
1540 1545 1550 

Asp His Leu Glu Phe Trp Glu Ser Val Phe Thr Gly Leu Thr His He 
1555 1560 1565 

Asp Ala His Phe Leu Ser Gin Thr Lys Gin Ala Gly Asp Asn Phe Pro 
1570 1575 1580 

Tyr Leu Val Ala Tyr Gin Ala Thr Val Cys Ala Arg Ala Gin Ala Pro 
1585 1590 1595 1600 

Pro Pro Ser Trp Asp Gin Met Trp Lys Ser Leu lie Arg Leu Lys Pro 
1605 1610 1615 

Thr Leu His Gly Pro Thr Pro Leu Leu Tyr Arg Leu Gly Thr Val Gin 
1620 1625 1630 

Ser Glu He Thr Leu Thr His Pro Val Thr Lys Tyr He Met Ala Cys 
1635 1640 1645 

Met Ser Ala Asp Leu Glu Val Val Thr Ser Thr Trp Val Leu Val Ser 
1650 1655 1660 

Gly Val Leu Ala Ala Leu Ala Ala Tyr Cys Leu Thr Thr Gly Ser Val 
1665 1670 1675 1680 

Val He Val Gly Arg He He Leu Ser Gly Lys Pro Ala Val He Pro 
1685 1690 1695 

Asp Arg Glu Val Leu Tyr Arg Glu Phe Asp Glu Met Glu Glu Cys Ala 
1700 1705 1710 

Ser His Leu Pro Tyr He Glu Gin Gly Met Gin Leu Ala Glu Gin Phe 
1715 1720 1725 



Lys Gin Lys Ala Leu Gly Leu Leu Gin Thr Ala Thr Lys Gin Ala Glu 
1730 1735 1740 
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Ala Ala Ala Pro Val Val Glu Ser Lys Trp Arg Ala Leu Glu Ala Phe 
1745 1750 1755 1760 

Trp Ala Lys His Met Trp Asn Phe He Ser Gly He Gin Tyr Leu Ala 
1765 1770 1775 

Gly Leu Ser Thr Leu His Gly Asn Pro Ala He Ala Ser Leu Met Ala 
1780 1785 1790 

Phe Thr Ala Ser He Thr Ser Pro Leu Thr Thr Gin His Thr Leu Leu 
1795 1800 1805 

Phe Asn He Leu Gly Gly Trp Val Ala Ala Gin Leu Ala Pro Pro Ser 
1810 1815 1820 

Ala Ala Ser Ala Phe Val Gly Ala Gly He Ala Gly Ala Ala Val Gly 
1825 1830 1835 1840 

Ser He Gly Leu Gly Lys Val Leu Val Asp Val Leu Ala Gly Tyr Gly 
1845 1850 '• 1855 

Ala Gly Val Ala Gly Ala Leu Val Ala Phe Lys Val Met Ser Gly Glu 
1860 1865 1870 

Val Pro Ser Thr Glu Asp Leu Val Asn Leu Leu Pro Ala Val Leu Ser 
1875 1880 1885 

Pro Gly Ala Leu Val Val Gly Val Val Cys Ala Ala He Leu Arg Arg. 
1890 1895 1900 

His Val Gly Pro Gly Glu Gly Ala Val Gin Trp Met Asn Arg Leu He 
1905 1910 1915 1920 

Ala Phe Ala Ser Arg Gly Asn His Val Ser Pro Thr His Tyr Val Pro 
1925 1930 1935 

Glu Ser Asp Ala Ala Ala Arg Val Thr Gin He Leu Ser Ser Leu Thr 
1940 1945 1950 

Val Thr Gin Leu Leu Arg Arg Leu His Gin Trp He Asn Glu Asp Cys 
1955 1960 1965 

Ser Thr Pro Cys Ser Gly Ser Trp Leu Arg Asp Val Trp Asp Trp He 
1970 1975 1980 



Cys Thr Val Leu Thr Asp Phe Lys Thr Trp Leu Gin Ser Lys Leu Leu 
1985 1990 1995 2000 
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Pro Arg Leu Pro Gly Val Pro Phe Phe Ser Cys Gin Arg Gly Tyr Arg 
2005 2010 2015 

Gly Val Trp Arg Gly Asp Gly lie Met Gin Thr Thr Cys Pro Cys Gly 
2020 2025 2030 

Ala Gin He Ser Gly His Val Lys Asn Gly Ser Met Arg He Val Gly 
2035 2040 2045 

Pro Arg Ser Cys Ser Asn Thr Trp His Gly Thr Phe Pro He Asn Ala 
2050 2055 2060 

Tyr Thr Thr Gly Pro Cys Thr Pro Ala Pro Ala Pro Asn Tyr Ser Arg 
2065 2070 2075 2080 

Ala Leu Trp Arg Val Ala Ala Glu Glu Tyr Val Glu Val Thr Arg Val 
2085 2090 2095 

Gly Asp Phe His Tyr Val Thr Gly Met Thr Thr Asp Asn Val Lys Cys 
2100 2105 2110 

Pro Cys Gin Val Pro Ala Pro Glu Phe Phe Thr Glu Val Asp Gly Val 
2115 2120 2125 

Arg Leu His Arg Tyr Ala Pro Ala Cys Lys Pro Leu Leu Arg Glu Glu 
2130 2135 2140 

Val Thr Phe Gin Val Gly Leu Asn Gin Tyr Leu Val Gly Ser Gin Leu 
2145 2150 2155 2160 

Pro Cys Glu Pro Glu Pro Asp Val Ala Val Leu Thr Ser Met Leu Thr 
2165 2170 2175 

Asp Pro Ser His He Thr Ala Glu Thr Ala Lys Arg Arg Leu Asp Arg 
2180 2185 2190 

Gly Ser Pro Pro Ser Leu Ala Ser Ser Ser Ala Ser Gin Leu Ser Ala 
2195 2200 2205 

Pro Ser Leu Lys Ala Thr Cys Thr Thr Arg His Asp Ser Pro Asp Ala 
2210 . 2215 2220 

Gly Leu He Glu Ala Asn Leu Leu Trp Arg Gin Glu Met Gly Gly Asn 
2225 2230 2235 2240 



He Thr Arg Val Glu Ser Glu Asn Lys Val Val He Leu Asp Ser Phe 
2245 2250 2255 
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Glu Pro Leu Arg Ala Glu Glu Asp Glu Arg Glu Val Ser Val Pro Ala 
2260 2265 2270 

Glu lie Leu Arg Lys Ser Arg Lys Phe Pro Arg Ala Met Pro lie Trp 
2275 2280 2285 

Ala Arg Pro Asp Tyr Asn Pro Pro Leu Leu Glu Ser Trp Lys Asn Pro 
2290 2295 2300 

Asp Tyr Val Pro Pro Val Val His Gly Cys Pro Leu Pro Pro lie Lys 
2305 2310 2315 2320 

Gly Pro Pro lie Pro Pro Pro Arg Arg Lys Arg Thr Val Val Leu Thr 
2325 2330 2335 

Glu Ser Thr Val Ser Ser Ala Leu Ala Glu Leu Ala Thr Lys Thr Phe 
2340 2345 2350 

Gly Ser Ser Gly Ser Ser Ala Val Asp Ser Gly Thr Ala Ser Ala Pro 
2355 2360 2365 

Pro Asp Gin Pro Ser Asp Asn Gly Asp Ala Gly Ser Asp Ala Glu Ser 
2370 2375 2380 

Tyr Ser Ser Met Pro Pro Leu Glu Gly Glu Pro Gly Asp Pro Asp Leu 
2385 2390 2395 2400 

Ser Asp Gly Ser Trp Ser Thr Val Ser Glu Glu Ala Ser Glu Asp Val 
2405 2410 2415 

Val Cys Cys Ser Met Ser Tyr Thr Trp Thr Gly Ala Leu lie Thr Pro 
2420 2425 2430 

Cys Ala Ala Glu Glu Ser Lys Leu Pro He Asn Ala Leu Ser Asn Ser 
2435 2440 2445 

Leu Leu Arg His His Asn Met Val Tyr Ala Thr Thr Ser Arg Ser Ala 
2450 2455 2460 

Ser Gin Arg Gin Lys Lys Val Thr Phe Asp Arg Leu Gin Val Leu Asp 
2465 2470 2475 2480 

Asp His Tyr Arg Asp Val Leu Lys Glu Met Lys Ala Lys Ala Ser Thr 
2485 2490 2495 



Val Lys Ala Lys Leu Leu Ser Val Glu Glu Ala Cys Lys Leu Thr Pro 
2500 2505 2510 
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Pro His Ser Ala Lys Ser Lys Phe Gly Tyr Gly Ala Lys Asp Val Arg 
2515 2520 2525 

Asn Leu Ser Ser Lys Ala Val Asn His He Arg Ser Val Trp Lys Asp 
2530 2535 2540 

Leu Leu Glu Asp Thr Glu Thr Pro He Asp Thr Thr He Met Ala Lys 
2545 2550 2555 2560 

Asn Glu Val Phe Cys Val Gin Pro Glu Lys Gly Gly Arg Lys Pro Ala 
2565 2570 2575 

Arg Leu He Val Phe Pro Asp Leu Gly Val Arg Val Cys Glu Lys Met 
2580 2585 2590 

Ala Leu Tyr Asp Val Val Ser Thr Leu Pro Gin Ala Val Met Gly Ser 
2595 2600 2605 

Ser Tyr Gly Phe Gin Tyr Ser Pro Gly Gin Arg Val Glu Phe Leu Val 
2610 2615 2620 

Asn Ala Trp Lys Ser Lys Lys Ser Pro Met Gly Phe Ala Tyr Asp Thr 
2625 2630 2635 2640 

Arg Cys Phe Asp Ser Thr Val Thr Glu Ser Asp He Arg Val Glu Glu 
2645 2650 2655 

Ser He Tyr Gin Cys Cys Asp Leu Val Pro Glu Ala Arg Gin Ala He 
2660 2665 2670 

Arg Ser Leu Thr Glu Arg Leu Tyr Val Gly Gly Pro Leu Thr Asn Ser 
2675 2680 2685 

Lys Gly Gin Asn Cys Gly Tyr Arg Arg Cys Arg Ala Ser Gly Val Leu 
2690 2695 . 2700 

Thr Thr Ser Cys Gly Asn Thr Leu Thr Cys Tyr Leu Lys Ala Ser Ala 
2705 2710 2715 2720 

Ala Cys Arg Ala Ala Lys Leu Gin Asp Cys Thr Met Leu Val Cys Gly 
2725 2730 2735 

Asp Asp Leu Val Val He Cys Glu Ser Ala Gly Thr Gin Glu Asp Ala 
2740 2745 2750 



Ala Ser Leu Arg Val Phe Thr Glu Ala Met Thr Arg Tyr Ser Ala Pro 
2755 2760 2765 
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Pro Gly Asp Pro Pro Gin Pro Glu Tyr Asp Leu Glu Leu lie Thr Ser 
2770 2775 2780 

Cys Ser Ser Asn Val Ser Val Ala His Asp Ala Ser Gly Lys Arg Val 
2785 2790 2795 2800 

Tyr Tyr Leu Thr Arg Asp Pro Thr Thr Pro Leu Ala Arg Ala Ala Trp 
2805 2810 2815 

Glu Thr Ala Arg His Thr Pro Val Asn Ser Trp Leu Gly Asn lie lie 
2820 2825 2830 

Met Tyr Ala Pro Thr Leu Trp Ala Arg Met lie Leu Met Thr His Phe 
2835 2840 2845 

Phe Ser lie Leu Leu Ala Gin Glu Gin Leu Glu Lys Ala Leu Asp Cys 
2850 2855 2860 

Gin He Tyr Gly Ala Tyr Tyr Ser He Glu Pro Leu Asp Leu Pro Gin 
2865 2870 2875 2880 

He He Glu Arg Leu His Gly Leu Ser Ala Phe Ser Leu His Ser Tyr 
2885 2890 2895 

Ser Pro Gly Glu He Asn Arg Val Ala Ser Cys Leu Arg Lys Leu Gly 
2900 2905 2910 

Val Pro Pro Leu Arg Ala Trp Arg His Arg Ala Arg Ser Val Arg Ala 
2915 2920 2925 

Lys Leu Leu Ser Gin Gly Gly Arg Ala Ala Thr Cys Gly Lys Tyr Leu 
2930 2935 2940 

Phe Asn Trp Ala Val Lys Thr Lys Leu Lys Leu Thr Pro He Pro Ala 
2945 2950 2955 2960 

Ala Ser Gin Leu Asp Leu Ser Gly Trp Phe Val Ala Gly Tyr .Gly Gly 
2965 2970 2975 

Gly Asp He Tyr His Ser Leu Ser Arg Ala Arg Pro Arg Trp Phe Met 
2980 2985 2990 

Leu Cys Leu Pro Leu Leu Ser Val Gly Val Gly He Asn Leu Leu Pro 
2995 3000 3005 



Asn Arg 
3010 
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14. The method of claim 13, wherein the noncytopathic positive-strand virus 
replicon comprises a noncytopathic flavivirus replicon, a noncytopathic alphavirus 
replicon, a noncytopathic nodavirus replicon, a noncytopathic coronavirus replicon, or 
a noncytopathic astrovirus replicon. 

15. The method of claim 14, wherein the negative-strand RNA virus is an 
orthomyxovirus, a paramyxovirus, a rhabdovirus, a filovirus, a bornavirus or a 
bunyavirus. 

16. The method of claim 15, wherein the negative-strand RNA virus is selected 
from the group consisting of: human parainfluenza virus type 1, human parainfluenza 
virus type 2, human parainfluenza virus type 3, human parainfluenza virus type 4, 
human influenza virus, human respiratory syncytial virus (RSV), measles virus, 

5 mumps virus, rabies virus, ebola virus and hanta virus. 

17. The method of claim 16, wherein the reporter gene product is p-galactosidase, 
chloramphenical acetyl transferase, luciferase, alkaline phosphatase, or green 
fluorescent protein. 

18. The method of claim 17, wherein the negative-strand RNA virus is RSV, the DNA- 
dependent RNA polymerase is T7 RNA polymerase, the reporter gene product is (3- 
galactosidase, and the nucleocapsid proteins necessary and sufficient for replication of the 
minigenome are the RSV proteins N, P and L which are encoded by three T7 expression 

5 plasmids. 

19. A kit for detecting a negative-strand RNA virus sample in a sample, the kit 
comprising: 

a supply of genetically engineered cells which comprise: 
a polynucleotide encoding a DNA-dependent RNA polymerase; 
5 a cDNA comprising a minigenome and a miniantigenome of the negative-strand RNA 

virus operably linked to a promoter for the DNA-dependent RNA polymerase, wherein 
the miniantigenome comprises a nucleotide sequence encoding a reporter gene product, 
and wherein expression of the reporter gene product is dependent upon the presence of 
the negative-strand RNA virus; and 
10 one or more nucleotide sequences encoding each of the nucleocapsid proteins of the 

negative-strand RNA virus which are necessary and sufficient for replication of 
minigenome RNA or miniantigenome RNA synthesized by the DNA-dependent RNA 
polymerase. 
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20. The kit of claim 19, further comprising a supply of reagents necessary to detect 
expression of the reporter gene product. 
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